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MEMORANDUM THRU Director, Edg~od Chemical Biological Center (ECBC) (Mr. 
RDCB-D/Mr. Joseph Wienand), 51~Biackhawk Road, Aberdeen Proving Ground, MD 
21010-5424 

MEMORANDUM FOR Office of the Chief Counsel, US Army Research, Development 
and Engineering Command (RDECOM) (AMSRD-CCF/Ms. Kelly Knapp), 3071 
Aberdeen Boulevard, Aberdeen Proving Ground, MD 21005-5424 

SUBJECT: Freedom of Information Act (FOIA) FA-13-0097 

1. The purpose of this memorandum is to recommend the release of information in 
regard to RDECOM FOIA FA-13-0097. 

2. The ECBC received RDECOM FOIA Request FA-13-0097 from Ms. Kelly Knapp, 
RDECOM FOIA Officer. The original request was from Mr. Scott Macintire. 

3. Subject Matter Experts from ECBC reviewed the requested document, AD-E472 
718, which is a Technical Report authored by B. G. Macintire in July 1935. The 
document entitled, 155-MM Shell MK II (HOW), HS-FILLED: Serviceability of War 
Reserve Shell and Quantities of Ammunition Required to Produce 50% Casualties on 
Personnel, is Unclassified and has been deemed suitable for release. The current 
distribution is "DoD Components Only," but a request has been forwarded through the 
Defense Technical Information Center, which requests the distribution to be changed to 
Distribution Statement A- Approved for public release, distribution unlimited. 

4. The point of contact is Mr. Ronald L. Stafford, ECBC Security Specialist, at 410-436-
6810 or ronald .I. stafford .civ@mail. mil. 
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.ABSTRACT 

1. Objecrt. 

ftle objeot ot the work de tori bed in this report 
wa• to deterai.e it the BS•tilled 166~ howitser ahell in War 
Beser.e are aerTioeable and, it eo, the ..aber required to produoe 
ts()!C oa1ual tiel amoDg perloDD.el exposed on the target on which the)" 

burst. 

2. Re1ult1. 

!he reaulta of the ten~ •• ~. oonduoted• lnwhioh 596 
ahell were tired (27f tor etteot}. are •hown in the following ~eblea 



'v!o<..__ 

Teat: Date ,- Tiae ___ ----.--Terrain a -S-ol.-1--~-ni:Mf a Air a lxpoau_re-_ aShell Required per 10011fi4• aq.••** 
1 1 ot a 1 1 ,.._ atuap.a period aProteoted by'aProteoted. by gaa Dak 
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I Damp I 3e2 I '9 

I 

I 

I 

26 

1"4 

I 

I 

I 

I I I I I I 

Tl 
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E alfaJ' 18 a5 &21 p.a. aDitto a Wet a •.o a Tl 1F1ring and following 1 1• a 20 
I I I I I I 1l6 lline I I 

F a June 16a6 aOO p.m. &Ditto a Dry a 2.0 1 DIF!rilig-ai:id l'ol.l:owi.n& 1 10 1 T2 
I I l- I I I t20 lline a I 

G I July 6 16 llO p.a. aWOOClj I Damp I o• .-----as aJ'lr~g ancr 1'-oTlowing I --r & 26 
a22 min. a : 
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•In open oountry near target the wi.Dd Telooity waa 4.0 a.p.h. 
••Only slight dritt in open oountr.y near target • same as on target in 110 ode. 

••*Total exposure period was about 25 min. including the firing period. 

8 a 
! 

.. 
a 

••••Shell required per loo-yd. aq. ia the number required to produce 50% casualties among personnel 
exposed to the f'ire. 



Ot the 696 1hell tired, 110, or approximately 18.6%, produoed law• 
order bur1t1 or were dud•• 

~. Conolu1ione. 

It 11 concluded thata 

a. When the BS•tilled 166-mm. howitzer 1hell now 
in War Re1erve are equipped with the Kk. III tu&e and tired tor 
iapaot burst at a range ot about 61 200 yd., approximately l. ot the 
1hell J111LY be upeoted to be duds or produce low-order bunt• • 

b. The shell repre1ented b.Y thoee te1ted 1hould be 
retained tor :future ••rvioe uee. 

a. The following number ot 1hell per lOO.yd. 1q. are 
required to produce 50% oasualtiel when per1onnel 11 protected by 
gas ••k only. the 1hell are tired when the temperature i1 above 
59°F. and the wind 11 not appreciably above 6 a.p.h. on the impa.ot 
area a 

(1) When tired within the period between one 
hour e.tter 1unr11e and one hour before suneet • about 20 ahell. 

(2) ~n tired within the period between one 
hour before IUD8et and one hour a1'ter 1unrise - about 10 shell. 

4. The following nuaber ot shell per lOO.yd. 1q. are 
required to produce 6Q% casualties when personnel i1 protected b,y 
ga1 ma1lt and etandard iapregnated clothing and the temperature 1e 
above the tree&ing point ot BS a 

over 100 shell. 

(1) Under normal 1011 oODditione - about 38 shell. 

(2) When the surface soil 1e dey and sandy • 

4. RecommeDdationa. 

It i1 reco:mmended tlat 1 

a. The remaining BS·tilled 155-mm. howit&er shell 
in War Reserve be n.tained tor serrioe. 



b. A test be conducted Qaing BS•tilled 156-am. 
howitaer shell meeting present standard epeoitioatione tor the 
purpose of comparing the oa•ual~·produoins etteots with those 
obtained in the tests covered b,y this report. 

[ 
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I. II!RODUC!IOI. 

!be objeota ot the teata cleaoribed ill tbia report 
were aa tollowaa 

1. !o deter..!Ae it the BB•tillecl 16~ howit&er 
shell i• War Be aern at Bdgewood jraeul are aenieeable. 

• 2. !o determine the DUmber ot ahell required to 
produce 6~ oaaualtiee amonc pereounel. 

!hi• work waa authorised ill the project progr• UDd.er 
projeot C&• it .. 2, tor the t1aoal Jear 1932 aad projeot A 1.1-lb, 
•1ss-.m. Shell III• (Bow.), BS·Fillect•, tor the tiaoal J8ar• 1933 aacl 
ltloie It •• a joint Chnioal Warfare Serrloe-OrdDanoe Departaent 
projeot &114 1a oonred b7 OrdDanoe COJIIId. ttee llilWtea, Itea 92oile 

!be ahell uaed in the tens were BS•tlllecl, JOe. II, 
lSS... how:l. t&er, taken troa the atook 1D War Rosene at Bdcewoocl J.raenal. 
f.be booster• in a large percentage ot the ahell were not tull7 aaa .. blecl 
aDd it waa quea'tioned it theJ would tu.oti011 properl7o !he oo:aditin 
ot thia •.-m1tioa ia gi'ND in a aeaoruclua ot Ma7 "• 1911, troa tM 
ottioe ot tbe Chiet ot OrdDaDoe to Cbiet, Chemical Warfare SerYioe, 
eubjeota Gaa Shell ott Bud at Bdiewood J.raeaal, whioh ia quoted 
in part belows 

•1. rolloriq are the ooateata ot a MmorudUII prepare4 
b7 the S~illanoe Seotioa, rield SerYioe• relati~ to ehe.tcal 
....Utioa at ldgewoocl .lraonal. 

'!here are ia atook at Edgnood J.rHnal 7, 221 ahell, pa, 
BS, like II. tor lSa-..howitaer, 27 ahell• c••• I'll. Ilk. II• tor lSS.... 
howit&er, •a abell, gaa, co, Ilk. II• tor 16S.... howitaer. ..~ ot 
the booatera ill theH ahella are DOt tull7 ••••bled. !here are too 
MD7 thread• ezpoaeclo !he OrdJwloe Otticer• ldgnood J.raenal, atatea 
that he oonaidera theae ahtlla ~errloeable • • • • • e Should 
the abne 8PW1li tiOil be retaiAed ia atook aa War Reaern• or allould it 
be diaaaeeablecl and the eerrloeable oo.poAenta reoonre4f' 



* • • • • • 

"3. With reference to the 15&-.mm. shell in which 
the boosters have insufficient thread• engaged, it may be practicable 
to limply diaass.mble the1e booaters and assemble new boosters without 
disturbing the tilling. It i1 not known whether the difficulty i1 
due to the booster being oversi&e or the shell being under1i1e. It 
due to the latter, it will be neoesaar,y to prepare special under1i1ed 
boosters to tit the 1hell in question. 

"'• Action through the Ordnance Committee will be tuen 
upon receipt of information from the Chemical Warfare Service." 

The l1t i:aiorseaent, da.ted June 8, 1931, from the 
Commanding Otf1 cer, Edgewood Araell&l, to the Chief' • Chem1 cal Warfare 
Service, to the letter (CWS 471/211, May 7, 1931) enclo1ing thia 
memormdua 1a quoted below in part aa follow• a 

•1. It i1 noted that there are in etock at Edgewood 
Arsenal the tollowinga 

.!• 7,228 ahell, p.a, HS, Ilk • II, tor 166-an. 
howitser. 

b. 27 ahell, gal, FJI, llk. II, tor 165-aa. -howitser. 

.!• 43 shell, gas, CG, Ilk • II, tor 165-mm. 
howitzer. 

d. 78,634 ahell, gaa, IC, unfixed, CS, Mk. II, 
with A &114 B, Jfk. tf, tor 76-aa. CUD• 

"2. This ottioe baa no information that the fillings 
tor uq ot the abon 1hell are leu serviceable than when they were 
placed in War Reaern or that aQJ more aerTiceable tilling• have been 
added tor War Re1erve tor their replacement. It, therefore, knmra ot 
no techaioal reaaon why any aubatantial portion ot th- should be 
removed troa War Reaerve except tor the nece1aar,r teata to obtaiB 
iaportant techDioal information aa to their pertor..anoe. 

• • • • • • 
"6• Information is not available aa to the etfioieno,y 

ot the ahell, gas, HS, Mk. II, for 166-~ bawitser, referred to, a1 
the•• a hell are probably assembled w1 th both long md short type lllk. VIB 
booatera, and ainoe there are no indication marking• as to length ot 
booster, the burster oharge of each shell is vnknown. 



•1. P1ana UDder Projeot 0.1 durta& ~be oaleadar 
Jear 1912 ooat .. plate tiel4 te1t1 with HS•tilled 165---. howit&er 
1hell to deter.dae the quantit7 ot this 1tandard •mmu•ition required 
to 1et up an etteoti .. tield oonoeatration. I~ il po11ible that, 
de11pite the unoertaiat7 aa to the lise and 1hape ot bur1ter oharge, 
the 16S.... howitser ahell reterred to in the balio o~oatiou oaa 
be u1ed tor th11 purpo••• It ia• theretore, reoa..D4ed that 200 
ot theae 1hell aDd 60 additional boo1tera, ~ TIB• preaeat ataDdard, 
ot bacnrD oapaoi t7 be aade aw.ilable tor eDJiinatien IJ14 tirinc tel't to 
detend.ae whether th11 lot ot ahell i1 aui table tor u1e in te8ta durin& 
the oalendar Jear 19!2. I~ ia deaired to coDduot th11 prelt.dD&ry te1t 
on Auga1t 11. 1912. 

•e. !he te1t1 oonte~~platecl with appro:dmatel7 600 ot 
th••• llaell duriDC the oale:adar year 1912 would detend.u the ettioieno7 
ot tbia lot. 

!he uae ot 1hell trom the nppl7 ialfar Re1e~ wa1 
authorised la the lrd lDdor1ement elated Oct. 22, 1911• traa Ordaance 
Ott1oe• 1Ja1hi~ton. D.c., to Ordnanoe Ott1cer. Bdcewood Araeaal, 
tile CIS f'11/211• whioh i1 quoted in part a1 tollowaa 

•1. You are authorised to turn OYer to the Cheaical 
Wartare SerTice 60 ... TIB adaptera and booatera aDd 200 ahell, Gaa, 
BB, Ike II, tor 116-am. howitzer tor tiring te1t1. Shella u1ed iu 
the tiriJI& te1t1 will be tused with Mrrlceable Ilk. III P.D. tusea. 
!he tu•otioDiq ot the ahell will be ob1ernd u.cl reported to th11 
ottioe. • • • • • It theae ahell are touad to be 1ati1tactor7 
tor an etteoti .. tielcl oonceD.tratiou teat, JOU will be athorhed to 
i1aue an additional 100 upon reque1t. 

• • • • • • 
•a. It ia reque.ted that J'OU aubait a propoaed pro£raa 

ot teat, ciTiDC rauce1 or aou1 at whioh thole tirtD&a will 'be coa
duoted iD order that the proper powder Ohargea ean be ~lhed, aDd 
alao what illtoraation 11 de1ired. Upon reoeipt ot th11 procraa, 
it will be iuo:rporatecl iD an OrclDanoe Ca.d.ttee It .. on lfar le1ern 
'fe1ta. 

••· lD 'rin ot the queationable aenioeability ot the 
l6S.... ahelh, adequate aatety preeautiou will be taken to pre .. Dt 
i._,111"7 to per1oD11el in oaae a .altun.ction ocoura in the tiring. • 



The lot nwabera ot the 1hell to be tested and other 
iDtonu.tion 11 giv1111 1D the 6th iDdorsement dated Jan. 4, 1932. from 
the Commanding Officer, Edgewood Ar1enal to Ordnance Officer, Edcewood 
.Arsenal, tile EA 471/122, EO 411.1/698, ae tollow11 

"1. An investigation reveals the following taot1a 

"a. Material for Te1ta -
There are 4 •in lot• ot the 166--. howi taer {HS) 

shell distributed as followsa 

Lot MA. 36•1•13 
Lot 36·1-14 
Lot )(A 36•1•16 
Lot 305o-l 

4979 1hell 
346 ahell 
988 1hell 
911 shell 

There ia data available only on Lot MA 36-1•13, Wbioh 
shows they were loaded in 1921 and assembled w1 'th Mk:. VIB booatera. 
These boosters in moat instances are not tully aaaembled. 

"!• PreTioua Testsa 

One looal test waa conducted at Edgewood Arsenal, using 
a small quantity (number Aot determined) of ahell from Lot KA 36·1-13 
tor the purpoae of deter.mining the quantity neceaaary to produce 
oaaualtiea from. the HS content when tired •tatioally. 

"c. Historical: 

These •hell were taken from the Chemical Warfare Service 
with the establishment of the Ordnance Office at Edgewood Araenal in 
March, 1923. When the HS content of the ehelll waa teatecl tor 
evidence of deteriorat1on in 19~4, no deterioration waa noted. 

"2. The object ot this teat 1a to detei'Jii.ne if the 
stocks of these shell on hand are satisfactory tor further teats involv
ing the determination of effective field concentration. of BS. 

•s. It is recommended that • 

"a. Thirty•eix shell picked at random from each 
of the tour lots referred to be tired at a range of not leas than 
4800 ya,rda. 



"b. All personnel engaged in firing to be 
supplied with sufficient protective clothing, and all ftring to 
be from barricades, firing with lanyard, and the gun-crews under 
cover, 

"o. A record be kept of each round showing 
whether a dud or a burst and the order of burst, together with position 
of' the booster with respect to the shell, i.e., whether the booster 
was not tully aasembled, and the number of threads ahowing or whether 
the booster had been assembled too tar in, with the depth below normal 
eta. ted. 

"d. Only in oase the firing above recommended 
results in an excessive number of duds, 13 shell from each of the 2 
largest leta to be re-boostered and fired under the same conditions 
as the first firings. 

•e. Based upon the results obtained, a report of 
the test in detail be prepared together with a recommended prog~ for 
the remainder of the shell to be tested. 

"f. i'he Chemical. Warfare Service to take the 
necessary atepa to determine the distribution of HS due to burat of 
the shell. 

"g. The test here proposed to be conducted before 
Mar. 1, 1932." 

II • HISTORICAL. 

The phyaioal, chemical and physiological propertiea of 
HS aDd its uae in the World War are thoroughly discussed in E.A.c.D. 462, 
dated Apr. 26, 1928, by Walker. The use of HS in the World War ia 
also diacusaed in the two following reportaa 

E.T.Fo 660 G-90, Gaa attaoka upon the American Front 
in France, 1918. 

E.T.F. 661•2, Kay 31, 1932, b,y Lt. Col. Avery,'A Study 
ot the Uae of Chemical& by 
.Artillery During the World War, 
and Possible Future Usee. 

There are no recorda of preTioua testa in which HS•tilled 
166-mm. shell were fired troa howi tsera at ldgewood Arsenal, but some 
testa were coDduoted in wlatbh such shell were tired statioally. In 
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the following reporta, teat• are outlined 1n which BS•tilled 166~. 
howitur •hell equipped with the :lk. VIB booater were tired atatically, 
and the etteotivan••• ot the gas oanoentration ••t up waa deter.mined 
bJ mean• ot &JlbJ&b and vapor-eampling •chin•• 1 

E.T.F. 111.4•10, dated Ootober, 1928. 

Reaultaof tour teste are given. In three of the•• teata the HS waa 
apriakled by meana ot eprinkling cane and in the fourth teat, the HS 
was put down by the statio burst of 156-mm. shell. 

were used. 
reportaa 

A teat waa conducted on llay 1, 1928, in which 11 a hell 
The reault• ot this teat are given in the two following 

E.A.x.R.D. 87, dated MaJ 4, 1928, by ~trong. 
E.A.C.D. 467, dated April, 1929, by Smith. 

C&leulated tigu.rea ot the num.ber of HS•tilled 6-in. 
howitzer ahell required to deDJ an area to troop• are given in a-2 
report, E.T.F. 660 E-170, Artillery Gas Shell fire Data troa Great 
Britairl.. 

The following t .. ta conducted at Edgewood Araena.l are 
ot intereat in that HS was uaed1 

Teats in which HS was laid down with tke uae of sprinkling oana1 

E.A.M.R.D. 47, Sept .. ber 16, 1926, by Eldridge. 
E.T.F. lllo'-10, Auggst and October, 1926. 
E.A.M.B4D. 68, Deo.aber 11, 1926, by Eldridge. 
E.A.c.D. 462, April 26, 1921, by Sadth. 

Te1t1 in which liS waa laid down by the statio burst of 
75-ma. ahell or bottle• containing BS 1 

E.A.M.R.D. 66, December 31, 1926, by Eldridge. 
E.A.K.R.D. 84, November 30, 1927, by Armstrong. 
EoA.M.R.D. 93, ~ 11, 1928, b,y ~trongo 
E.A. C. D. 462, April 26, 1928, by Walker. 
E.A.M.R.D. 95, June 12, 1928, by .U.trong. 
E.A.c.D. 467, April, 1929, by Smith. 

Teat• in which HS wa1 laid down by burat of HS-tilled 
76-mm. ahell tired troa aenioe weapona 1 

- 6 • 



B • .l.X.R.D. 100, Jul7 20, 1928, 'b7 ArlutrOD&• 
B • .A.LR.D. 104, Sept. &, 19281 'bJ' Araatroq. 
E.A.T.R. 66, •oT• 6, 1931, 'b7 Kacint1re. 
B.A. T .R. ao, J111. '. 1932• 'bJ' LinthiC\llle 
I.T.r. 11.4-19• Sept. 1&, 1932. .l eOIIpilatioa ot 

reaulta trcm ao. of the &boTe report• 'b7 Captain Barter. 

lfiaoellaneoua teat• in which B8 waa uaecb 

B.A.M.R.D. 88• Jaa. 6, 1927• 'b7 Eldridge, 
Detend.Dation of lf'teoti Teueaa ot Chlorine 
aa aa jgent to Deatro7 BS in the l1.el4. 

III. f.BBORITICJL. 

In order tor the ahell to 'be aat1ataotory, there ahoul4 
not 'be 1.D7 preature 'buret• and the number of duda on illp&ot ahcnal4 not 
'be a'baoraall7 large. The burat of the ahell OD illpaet ahould be of 
a autticin.tl7 hip orcler to cliatribute the .ajor portion ot the liquid 
BB ill the ahell on the aurtaoe ot the ground. 

Caaual tie a are produced 'b7 et.teota of B8 ftpor and by 
etreota of liquicl BS. It a au.tt1oientl7 high ftpor eonoentration ia 
aet up, ••ualtiea may be proclueed b7 reapiratorJ" etteota where peraouel 
are not proteotecl 'by gaa aaat, aDd b7 Tedoant etteeta when peraODDOl 
are proteotecl b7 gaa aaat but not proteotecl b7 i~regaatecl olothiac. It 
pereoDDOl are protected b7 gae aaak and ataD4ard i .. ue of blprepated 
clothing, oaaualtiea troa BS cu cml7 be produced b7 BS liquid clropa ot 
auttioieat aiae to peD.Otrate the iapregaated clothiDg. 

!be cletaila of the ten teata ooDduoted aad reaulta obtained 
are g1wa in the teat report• attached to the prean.t report. The ten 
teat• oou1ste4 of a prelbd.Dar,. teat ia whioh 133 ahell wen .tired to 
deteraiDe the perceatage of nol"JI&l burna oa illpaot• aa4 aiu ad.di tioDal 
teata in which a total of 483 ahell 1r0re uee4 (189 tor &djuat.ent, 2T4r tor 
effect). to clete~Be the auaber of ahell required to produce ~ oaaualtiea 
a.ong peraoDDel• when tired UDder different terrain &Del ..teorological 
oonditiou. 

• T • 



A. Bow the Te1t1 were Conducted. 

In all t .. t•, the •hell were tired. by the Sixth Field 
Artillery. In the prelim.nary te1t1 the shell were tired, one at 
a time, tor tapaot in open area at a range of about 5 1 200 yd., and the 
number• ot normal burat1 were noted b,y ob1ervation from a tower. 

In each of the nine te1t1 which tollowe~,the lhell were 
tired at a range of about 5 1 200 yd. tor t.pact on a target 100 yd. 
Wide by 200 yd. long. The target wa1 preparecl by llllrkiag it• tour 
corner•, and placing on i t1 area paper panell or • ilhouette1, Tapor
•uapling maohine• and ani-.11. The paper panell or dlhouette1, used 
to lhow distribution ot liquid HS, were placed at 10-yd. intervall over 
the target. Vapor-1-.pling machine• were placed at nine position• 
on the target and at nine po1itioa1 SO yd• out1ide ot the target • 
.Aniull, oonaieting of goat• and rat11 were placed at 20-yd.. interv&ll 
owr the entire target. Chart 1 attached to eaab te1t report 1how1 
the po1ition1 ot the panel•, vapor-1-.pling aaChine• aDd animal• on 
the target a1 prepared tor each te1t. 

The shell were tired by a battery ot tour howitaera which 
were adju.ted with the u1e ot 20 to 4:0 shell directed at a podtion 
outdde ot the target. Atter adju1tment, tire was directed on the 
target and the 1hell tor etfeot were tired a1 rapidly a1 practicable. 
In teat• in which the target was located in open area tire wu directed 
tor equal di1tribution of bursts oTer the target by the battery oo..umder, 
who was lo oated on an obeenation tower on one flank ot the target. 
In testa in which t:t. target was in woods, the shell were tired tor 
i.llpaot on ita short axil. 

fhe aniaala were expo1ed on the target tor a period ot about 
26 min., which includecl the firing period. Vapor samples were taken 
at aaapling positions during the period animals were exposed, and in 
:met testa tor additional periods toll owing the removal ot the animab 
from the target. Arter tiring the shell, the paper panel• or silhouettes 
were collected and graded tor 1be ot HS drops and denlity of liquid 
pattern, and the positions ot impacts were located and charted. 

In 1ome te1t1, to determine persistence of HS on the target, 
n.por 1aaples were taken at 81apl1ng poaitione on the day tollowizlg the 
tiring ot the shell, and in all te1ta animal• were exposed in shell 
craters tor one or more 24:-hr. periods, which varied in the 1nd1rldual 
testa trom a tn days after firing the shell to 17 daya after. 
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The number ot duds was noted by observation trom a 
tower on one flank during firing in testa in which Ulpact was in 
open area. In testa in which the target was located in woods, 
duds were determined by examining the crater produced b,y each 
impact tor HS odor. 

B. How Data were Interpreted in TerM ot lieD casualties. 

1. Paper Paaela and Silhouettes. 

The etfectivenesa ot the liquid HS, as registered on 
paper panels or silhouettea,ia dependent on the aise ot the BS drops 
&J1d the dena! ty of the pattern produoed by the tine drops. 

a. For Personnel Protected by Gas llaak aDd 
I!Prega&ted Clothing. 

The panels or silhouette• showing BS drops of 0.6 11&• 
or :more were tabula ted and man oaeual tiel were eatt.tecl as tollowa, 
for aan protected by gas mask and standard iaaue of impregnated 
clothing• 

BS drops 0.6 to 1.0 mg. in size - 4Q% casualties. 
BS drops over 1.0 mg. in aise - 10~ casualties. 

!heae figures are baaed on the results ot laborator,y 
testa given in E.J.T.R. 100. 

b. For Personnel Protected py Gas Maak and Non
lllj)rep.a§ed Clothing. 

All paper panels or silhouettes were tabulated tor 
pattern, uaing the gradi.D.ga heav, mediwa, light and trace, aa given 
on pattern aoale accomp~ing this report. From the results of 
laboratory teat a given in memorandum of Oot. 22, 1931, to the Chief, 
Engineering Division tro:a the Chief, Protective Developaent Divilion, 
it was eat!-. ted that pera01lllel protected by gas mask and at'-lldard 
issue of nont.pregnated clothing would experience casualties aa 
folloWS I 



Pattern on a C&1ual tiea 
panel a 

a 
H • heavy 1 

l4 - mediwu 1 

L - light I 

T ... trace a 

of H8 11qui4 throu~ •taudard iuue of non
impre'llted clothi!g 

100 
100 

80 
60 

2. Caaualtie• Ba1ed ~n HS Vapor. 

In the present mport. reapiratory effects of HS 'Vtl.por 
on man were not con.idered, aa estimated oasualtiea in all teet• were 
based on man protected by gas maak. T.be veaioant etfeata of HS vapor 
were com1idered tor man without protection of impregnated clothing. 
In estimating vapor oaaualtiea due to vesicant effects, the valuation 
curve on Graph 1. attached to thi• report, was used. The pointa 
on thh curve are based on the o.t. value, "Which is the product of 
vapor concentration in milligrams per liter and the expo1ure period 
in minutes. Points on this curve are plotted from data given in 
Pba~cologioal Report No. 318. 

3e Casualtiea Baaed on Effeot1 on Anim•la. 

Att•r the animal• were remond from the target • they were 
placed UDier oblervation for a period of three weeks. Man oaeualtiea 
were eatimated from the effect• on animals on the basil of (1) all 
deathl from gaa or shell, and (2) all akin lesions. All other aniaal 
casualtie• were di1regarded and are not given a~ weight in figuring 
the effectiveness of the gas concentration set up. 

4. Shell Required for Effective Re1ulta. 

The nuaber of ahell required to produce 50% oasualtiea 
was figured from. the reaulta of each te~t for peraozmel protected by 
gas :maak only and tor peraoDnel protected by gas mask and ata.Dd.ard 
impregnated clothing. 

In fi~ring the number of 1hell required for personnel 
protected by gas JD&ak 011ly • an average was taken ot the number of 
ahell required baaed on 1ample data and on anillal data. 

For per1onnel protected by gaa mask and 1tandard impregnated 
olothiag, the nuaber of ahell required was figured from panel data only. 
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6. Etfeotive G&8 Concentration. 

In the preaent report, a gaa cono.ntration ia coaaidered 
effective when 60% caaualtiea are produced among peraoanel on expoaure 
to the gaa tor a period of about 26 ~n. A .an ia oonsidered a oaaualt,y 
when the iDjur,y ia aufficiently aevere to nor-mally require evacuation 
for hospitalisation. 

c. The Percentage of Normal Burats. 

The nwabereof normal bursts in each of the teats coDduoted 
are aummariaed in Table 1, which tollowwt The total number of ahell 
given for each teat, repreaenta ahell uaed for adjustment aa well aa 
thoae uaed for effect. 

Table 1. 

luaber of Bor.mal Burata ia Each Teat 

Teat 1 Total ahell uaed lormal bUrata bUaa •r lo.-
1 1 order burst• 

Prelimia• 1 

r 133 
60 

111 22 
62 I 8 

B 8o 69 11 
c 69 sf 12 
D 47 12 
I 39 33 6 
F 38 31 1 
G I 40 32 8 
I I ~ 2t 16 
f 60 I 42 8 

Total t 691 486 I 110 

The reaulta given in Table 1 ahaw that about 81.~ 
ot the shell fired produced normal burata. 

None of the shell used in the teata burst preaaturely. 

D. The Humber of Shell Required for Effective Reaulta. 

The aumber of ahell required for effectiTe result• 
when peraonnel are protected by gaa maak only i1 dependent on terrain 
and meteorologioal condition•• In the teata conducted, the meteorological 
oonditiona were changed by conducting teats at different time period• 
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betw'eeD sunrise and &UDeet which included the periods ataout 1 hr. 
after sunrise, about 4 hr. after •~riae and about 1 hr. before 
•unset. These periods may be considered a1'being representative 
of day ud Digbt condi tiona ia that 1;here are generally very little 
or no effects froa rising convection air current& about 1 hr. before 
sunset and 1 hr. after sunrise so that air motion h representative 
of aight. The teats conducted about 4 hr. after aunrise are repreaen• 
tative of day conditions in that the HS 'ftpor 1e diluted due to etteet1 
ot riaing air currenta. The terrain ooaditions were changed by 1ocat• 
iag the target in open oountry in some ot the teats .nd in wooda in the 
remaining te1te. 

A 1ummar,y of tbe nine tests conducted is given ia table 2 
which tollowa. The resulta in this table show that the number of shell 
required per 100-yd. sq. to produce 5o,% casualties when personnel are 
protected by gas mask oaly variea .from 6 to 25, depending on meteorological 
and terrain conditions. When personnel are protected by gaa mask and 
standard iapregnated clothing, the nwaber of 1hell required per lOo-JCi. 
sq. to produce 5o% oaeualtiea varied troa 25 to 180. !he great 'ftriation 
in the reault1 was not due to m.teorological or terrain ooadttio~ but 
to the degree of moisture in the surface aoil on the target. When 
per1onnel are protected by gaa aa.ak and standard i.Jipregnated olothi~~g, 
gae caaualties are only produced by the peu.tration ot liquid HS through 
the impregnated clothing. In teats i:a which the soil was very dry, 
very few HS liquid drop• were shown on paper panels distributed over 
the target, due to the absorption of a large percentage of the HS spray 
by the he&T,f duat aloud produced by each burat. 

In the teeta conducted, there were 5 iJ1 which the 1oil 
wa.a olaeaitied as dap and which lhow an average of ~8 shell required 
to produce 60% casualtiea. An average of reeulte in the raailling 
tour te1ts, in which the soil was dry, show 119 shell required to 
produce 5o,% casualties. fhe results of the 9 tests conducted lhow 
that when peraonnel are proteoted by gaa maak and standard iaaue of 
impregnated clothing, about 38 shell per 100-yd. aq. are nor.mally 
required to produce 50% calualties, but when aandy condition• exist 
and the soil is very dry over 100 shell per 100-yd. aq. are required to 
produce 50% oaaualties. 
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Table 2. 

Summa.!z of Teata Coaduoted and Reaul ta. 

1 Terrainl- Soil ~~Wllld---.--Alr 1 Blq)oaure 
: I I I Te- 1temp.1 period 

I I tlooitll I ••• I 
I 1m.p.h. 1 ., el I I 

I 

l 

A 1-.y 23 I Damp I 3.2 I ~9 1Firing and following I 25 I 71 
110 Ilia. I I 

68 1Ditto I 14 I 

81 aDitto I § I 
tJ - ... -
(Ill lit# • ._.._. ... ...,_.., • .,.. • -·- • -- • ..,_ .......... • ...... I 
I : I I I I I I I 1 

E aJlq 18 16121 p • .,.r>itto 1 W.t a 4•0 a 71 1Firiag and following a 14 1 20 
I I I I I I al6 Jli:ae I I 

F 1 June l616100 p ... Ditte 1 D17 1 2.0 .~-69----.FI~ and f'ol~oWing 1 - 10 1 72 
I I I I I I 120 Jdla. I I 

G aJuly 6u61l0 p ... Wood• I Duap I o• • 13 aP'iriig lliid1'0Il.Oiiing ·-.~-- 6 I 25 
I I I I I I a22 mi:Ae I I 

B a~g. 1la61-M P••1Ditto a DUIPI-O•*I~-72 -IDitto a -a -- 1 -- ~ 
I tSept.i916a1o P·•· Ditto • D!!p I o••. 12 IDitto • 12 • 11 

•Ill opell ooW1t17 uar target the wind Telooity was 4.0 -.p.h • 
.. Only alight dritt iD. open oountr,y near target, aame u on target in wooda. 

•••total u:poaure period was about 26 llin. including the firing period. 
••••Shell required per lOD-yd. aq. ia the number required to produce 5~ oasualtiea 

a.oRg peraoanel expaced to the tire. 

ot the 696 shell tired 110, or approximatel7 18.6~, produced low order bursts or ~da. 
A aummary of the duds and low order bursts is ginn in Table 1 included in this report•-



Average results for each m.teorological .nd terrain 
condition are given in table 3. The results in this table show that 
when personnel are protected by gas mask only and the target is 
located in open countr,y. the following number of shell are required 
per lOO•yd. sq. to produce 50% casualtieea 

Period Te!f• gradient Shell required 

Between l hr. after sunrise 
and 1 hr. before sunset Zero .About 20 shell 

Between l hr. before suu.et 
and l hr. after sunrise Inversion .About 10 shell 

When the tar1•• il located in woods U1d the shell are 
fired between 1 hr. before suneet and 1 hr. after sunrise. about 9 shell 
per lOo-yd. sq. are required. 

Table 3. 

Results UDder Various Terrain 
and ii.Leerologioal Conditions 

eeta Time 
I 

I 

I 

I 

a erraiaa WiJid. a Air a 
I I T .. at .. pel 

a :looity 1 

I I I 

I 1a.p.h.a Of. I 

oaure 
period. 

~B aAbout 4 aOpa I 3.2 I 59 1.ibout 25 min-a 
1hr.atteraoountrya to I to 1 inal ud illg I 

asunriae a I 6.3 I 68 a firing I 

c,b.ai hr. b ... Open I 1.6 I 69 a Ditto 
E,F afoa SUJ1Maoountr,ya to I 1Je I 

1aet to lt 4.0 : 81 I I 

1hr. after a I I I 

1Bunriae I I I I I 

d,R.Il hr.B .. aWoods a 0 I '12 1Ditto I 
I afore eu:n- I to I 

1aet to l1 I I 83 I 

1hr.a.tter1 I 
aaunrise a I I 
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20 20 to 180 
I 

I 

16 2o to 18o 

I 

I 
9 20 to 180 

I 

I 

I 

I 



The results in table 3 are baaed on test• fired during 
late 1pring md IUJ'IIID.er at a time when the air temperature was between 
59° and 83°F. and the wind velocity between 0 and 5.3 m.p.h. Theoret!• 
oally, it the air t.mperature had been lower or the wind velocity higher, 
additional shell would have besn re~ired tor effective re1ulta 10 that 
the figures given in table 3 only apply wh.n the t .. perature is in excess ot 
69~. md the wind velocity leu than 5.3 m.p.h. UDder leSI favorable 
meteorological oonditiona, additional shell would be required tor equally 
effective re1ulta. 

The result• in table 3 showed little difference in the 
effectivene•s of HS•tilled howitser 1hell when tired for impact in woods 
and in open country, under the 1a:me meteorological conditione. Thi1 was 
due to the fact that in the teats conducted there were very f., tree 
impacts which produced air bursts so that the only advantage in woods 
in these test• was to reduce air travel. Reduced air travel results 
in a higher vapor concentration that persists for a longer period. 

To obtain most etfeotive results when using HS-filled 
156-mm. howitzer shell, whether fired tor impaot in woods or open country, 
the time selected should be between sunset md sunrise following a warm 
day, at a time when the wind velocity is leas than 4 m.p.h. 

E. Perabtence of HS 011 Target. 

In two ot the test• conducted, vapor samples were taken 
on the target at •~pling position• on the day following the 1helling 
and in all the te1t1 animals were exposed in shell craters tor a period 
of 24 hr. after various time periods which varied in the various teats 
tram one to 17 days after the target was shelled. 

Results showed the presenoe of HS vapor on the target, 
on the day following shelling, in a sufficiently strong concentration 
to p~t the target area being occupied tor a period of 3 or 4 hr. 
b,y peraonnel without complete gas protection. The gas concentration 
was not strong enough to require personnel to mask when exposed only 
tor the short period required to cross the impact areas. 

The persistence of li~id HS in shell craters is shown 
b,y animal data given in table 4, which follows. The results ahow that 
in some teats there were no animal casualties after the third d_,, 
and in eUler te1ts animal casualties were produced tor a period in 
excess of 17 dqs after firing the shell. The variations in these 
results were probably due to the condition of the grouBd at the time 
the area was shelled and meteorological conditions which followed. 
The results indicate that unlesa the HS in shell crater• is neutralized, 
casualties may be produced it the tmpaot area is occupied in warm 
weather, withi:a 17 d~s after being shelled, by personnel without 
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complete gaa protection. 

Table 4. 

Peraistenoe ot BS in Shell Crater•• 

Test a Reaults of anima! teat• on e;~osure for a Eeriod of ~4 hr. 
a Dqa after target was 1hell a Did a:nimall show casualty 
I t effects - zes or no 

A 2 2 I 7el 
I 8 • ne 

D • 2 a 7el 
8 yea 

12 yes 
I 11 ze• 

c I 2 7e• 
• 6 : zes 

D I 6 • ae 
• 8 I no 

E 4 I re• 
l 10 a no 

F • 1 I yea 
I ' z::es 

C1 • :5 a no 

• 6 t De 
it • ' I l .. 
I • 6 I ze• 

v. DISCUSSION. 

Ae Suitabili:!'z ot Remainin5 Shell for Serrice. 

In teat• oonduoted, the shell showed about 18% duda and 
low-order bt.1r1t. but there nre no premature bursta in the firing. 
The number of ducle and low-order wrata was abnormally large. It 1a 
underatood that the total War Reaerre of HS·filled 165-mm. howitzer 
shells in the continental limit• of the United Stat•• totals about 
6,62:5, of which those fired in these testa are repr••entative. Since 
the•• are the only •hells of th11 t.ype aTI!lable for tmm.diate u•• and 
they are apparently not dangeroua to use,. they should be retained ia 
the War Rea •n•. 

- 16 -



.. 

B. Future Teats of HS-Filled 166-mm. Howitzer Shell. 

It ia believed that a teat ahould be conducted using 
166-mm. howitzer shell filled w1 th HS to comply w1 th preaent standard 
specifications to compare results with the preaent teats. 

VI. CONCLUSIONS. 

It is concluded thata 

1. When the HS·filled 156-lllllle howitzer shell now in 
War Reserve are equipped with the lOt. III tuze am fired for impact 
burst at a range of about 6,200 yd., approximately 1~ of the shell 
may be expected to be dud• or produce low•order bursts. 

2. The shell represented b,y those teated should be 
retained for future eervice use. 

3. The following number of ahell per lOQ.yd.eq. are 
required to produce 6Q% casualties when peraoanel are protected by 
gas mask only, the ahell are fired when the temperatul"e is above 69°F. 
and the wind is not appreciably above 5 ••P•h• on the impact areaa . 

a. When fired withi# the period between one hour 
after sunrise and one hour before aunaet • about 20 shell. 

b. When fired within the period between one hour 
before sul18et and one hour after sunrise - about 10 •ehell. 

4. The following number of shell per 100-yd. sq. are 
required to produce 6~ casualties when peraonnel are protected by 
gaa maak and standard impregnated clothing and the temperature is above 
the treezi:ag point of HS a 

a. Under nor.mal soil condition• - about 38 ahell. 
b. When the aurfaoe aoil is dry and sandy • 

over 100 shell. 

VII. RECOMMENDATIONS. 

It ia recommended that: 

1. The remaiDiag BS•filled 166-mm. howi tur a hell in 
War Reaerve be retained for service. 
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2. A teat 'tJ. aondu oted uaing HS•filled 156....n. 
howitzer ahell meeting preaent standard apeoifieationa for the 
purpose of oompariag the caaualty-produoing effect• with thoae 
obtained in the teat• covered b,y thia report. 

... 18. 
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DVIRIER 1 S JiOR 

It i.e beliend that the tund•ental data Oil whleh 
the lsterpretation ot tield teat reaulta an 'baaed are luuttieiellt 
and UDrelia'ble tor the purpoae tor whioh tbey ha~ 'been uaed aDd 
that noh data aa ni.t haYe 'been blproperq iaterpnted. !hie 
appliea particularl7 to the bterpretation ot npor eODeeatration 
data aa4 paul data. It ie alao 'belined that the aaaaptioa 
ot direot proporticmalit7 'be'twea ahell 'burata aa4 oat.ualtl•• tor 
the entire nne• 'between 0 &D4 100% oaaual tl•• la open to aerioua 
o'bjeotion eapeolall7 tor the hiper peroentagea. ID extenuation 
it •Y 'be aald that reliable qd adequate balio data do :a.ot eziet 
aDd their proou~nt preaenta at.oat iaauperable 4itt1oultiea. 
aad that the oorreot nlat1onah1p 'between ahell b\U"eta aD4 oaaual• 
tiea. tor the ..tire ranee ot oaaualti••• iu.olna a ricoroua 
•theaatioal &DalJ'8i• whloh la not JlGII' a"ftilable. In "1'1• ot the•• 
taota it ahould 'be oouidered that the oonoluaicm.a aDd reoa.ue:D4at1ou 
ot thia report are :aot aclequatel7 nbatantiated. 
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REPORT OF TEST 
OF 

BS•FILLED 165-mm. SHELL F!Dll WAR RESERVE 

(Februar,y 16 and 17,1932) 

1. Thirt.f-six gas shell. Mk. IIe loaded with HS tor 166-~ 
howitzer. were taken at random from each of four lots in War Reserve 
to determine if they functioned normally whe ti·red from service 
w.apona. tor impact burst. when ueing a range of about s.ooo yd. 
These testa were authorized in the first paragraph ot the 3rd indorse
ment dated October 22. 1931. from Ordnance Officer. Washington, D.c •• 
to Ordnance Officer, Edgewood Arsenal. file c.w.s. 471/211. aa followsa 
"You are authorized to turn over to the Chemical Warfare Service 60 
MVI·B Adapters and Boosteril. and 200 Shell. Gas, HS • KII • for 155-~ 
Howitzer for firing teats. Shell• used in the firing testa will be 
fueed with serviceable MIII P.D. fuzes. The functioning of the shell 
will be obeerved alld reported to this office. Money value of ammu»ition 
expended in this test will be reported (aee O.D. Order No. a. dated 
J&~~ua~ 12, 1931). It these shells are found to be satiafaotor,y for an 
effective field concentration test. you will be authorized to issue an 
additional 600 upon request." Before the shell were fired. the distance 
the booster extended from the nose of the shell waa m.asured• and the 
number of threada exposed on the boosters was counted. A few shell 
in each of the three lots could not be used on account of haTing dia•, 
torted adapters which interfered with the auembly of the fuzes. In 
the fourth lot, the adapters were retapped before the shell were taken 
to the field so that the total 36 shell were fired. After firing 
all the shell. an examination of three duda found on top of the ground 
showed that failure to function was due in each case to a defective 
fuae. The following results were obtained frQm each of the four lotss 

~· Results of Lot 3060•1. 

Duds - 2. With 4 and 6 threads exposed respectively. 
Low order of bursts - 3 with 3, 4. and 7 threads exposed. 
Normal bursts • 31 with 3 to 6 threads exposed. 

~· Results from Lot 35•1•14. 

Appendix "A" 

Duds - 1. With 8 threads exposed. 
Low order of bursts - 2 wl.tll 5 threads expoaed each. 
Hormal bursts - 28 with 3 to B threads exposed each. 



Duds - 5. With S, s. 6• 6• and 7 threads exposed 
reepectively. Low order of bursts - 3 with 3• 4. and 
6 threads exposed reepeotinly. Normal bursta -
26 with 3. to 7 threads exposed. 

~· R .. ulta f'rom Lot 35•1•16. 

Duda - 4. With 4, 4. 6, and 7 threada exposed 
respectively. Low order of bursts - 2 with 4 threads 
exposed each. Normal bursts - 26 with I to 8 threads 
exposed. 

Tables covering the reaults of all of' the shell fired 
accompany this report. 

2. Conclusions. 

.!• The distance the booster extends from the nose of the 
shell has little or no effect on the order of' bur1te 
when not exceeding the distance equivalent to eight 
threada. 

The shell in War Reserve are eatisfaotor,y for use in 
tests to obtain vapor concentration data for HS•filled 
155•mm. howitzer shell. 

3. Recommendations. 

!.• 

Appendix "A" 

That in accordance with request in the 3rd paragraph of' 
the 3rd indoraement dated October 22, 1931. from Ordnance 
Office. Washington, D.c., to Ordnance Officer, E.A., a 
proposed prog~ of' tests of the remaining 500 shell b• 
prepared to include object and ranges, so that information 
will be available tor the Ordnance Department to f'urnieh 
the proper powder chargee and so that the program oan be 
incorporated in an Ordnance Commdttee Item on War Reserve 
Testa. 

In.uaing these shell. that the adapter• be retapped 
before the shell are taken to the f'ield. 



March 24, 1932. 
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B .G. BCI.NTIRE, 
Chief, Field Teet DepartmeDt, 
Engi~ering Division. 

Reoommending Approvalt 

CRABLES E. LOUCKS~ 
Captaia, c.w.s., 
Chiet ~ Engineering DiVision. 

Appron.la 

E. JlONTGOMERi, 
llajor, c.w.s., 
Teohaical Director. 
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Table No. 1 

Shell. Gae 1 lo:k II 1 Loa.a.-4 with HS for 155-lll!le Howitzer 

I 
(Febru&r,y 17, 1932) 

I 
Burst Remarka* 

J'Cl. : . -.. 
1 L 5100z ~ 131G7-5 17/38 ' OK ' OK 

a I L :11001 ~ -5 ll/16 6 " ' " 
I L 5100: <&()() -6 21/32 6 " ' " 200-yd. short -. 
" L 111001 <&()() ·: -5 ll/16 6 " 4 " 
II I L lll001 <&()() -5 5/8 5 " ' " 
6 I L 5100: <&()() -6 21/32 6 " 4 " 
7 L 11100: ~ -a 17/32 4 " 4 " 200-yd. over 

a L 5100: <&()() -4 5/8 5 II 4 " 
e L :!lOOt 400 -4 5/8 5 " 4 " 200-yd. ::ver 

10 L 5100: 400 -5 l/2 3 " 4 " 
'11. r L 5100: 400 -a 3/4 6 " 4 " 

18 . l L Sl.OOa ~ -5 17/32 " " 4 " 20Q-yd. short 
11 L lllbe1 <&()() -5 5/8 5 " ' " u L 111001 <&()() -5 3/-' 6 " 4 " 
ll L :11001 <&()() -5 5/8 4 " 4 " 200-yd. over 
l6 l L 5100: <&()() -5 l/2 3 " 4 " 
17 l L 11100t <&()() .. -5 l/2 3 " 4 
18 .. .-L 5100: <&()() -7 11/16 6 " 4 " 
le L 5100t <&()() -4 l/2 3 " 4 II ., L 11100: <&()() -5 9/32 2 " 4 " 100-yd. short 
11, L :11001 <&()() -6 5/8 5 " 4 " 100-yd. over 
II L 5100: <&()() -5 7/8 7 II 4 low order 100-yd. over 

• L :1100: <&()() -a 5/8 4 " 4 CK 
II L 5100: <&()() -4 5/8 4 II 4 ... 
88 L :11001 400 -4 5/8 4 II 4 II 200-yd. over 
ae L l 3100• <&()() -a 21/32 5 " 4 " 
87 ~. L : 51001- <&00: -6 5/8 4 II. 4 " 100-yd. short -· 18 I •L 5100: 400 -4 5/8 4 " 4 " 
at I L I 5100t -'00 -5 5/8 4 " 4 " 
30 L 5100t .00 -4 l/2 3 " 4 low order ::ud 
11 L BlOOt 600 -u 5/8 4 " 4 " 200-Yt'l. O'nll' 

---- L ~--- i" lSI:ODf-~ -s ll/16 5 " 4 OK 

• L I 111001 <&()() -6 11/16 6 " 4 " 
16 L I Dl001 <&()() -5 5/8 4 " 4 dud ·• 

sa l L I 111001 <&()() -5 23/32 6 " 4 dud lOQ-yd. short 

se I L ·I Sl.001 -'00 -6 l/2 3 " 4· OK 200-yd. over .. 
•:.n--. 

SIHWli 

~ !~er of 7hreade sosed 

a DIWI 4 and 6 
I Low arclar 7, 3, and 4 
11- llcmaal. burna 3 to 6 

YallaH CiTeD ill colu.B beaded. •.a.verap Ble-t1on•, were obtained from the Battery COIIIIIIIUider 

1111o.cl14 IIOt NOCJI'ICI tta. '1Ddi'ri4ual elention aett~a tor each shot. The values do however, 

.· npn~ appi'02U.teq _the a'Nrap elevation for tbe lot designated and at the tU. fired. 

_,_ 



---- ---------------------" 

1 I I 
I ' I 
I I 

' s 
• I 
•• I 

' a 
8 I 

• a 
-10 I 
.. 
u a 
11 a 
11 I 
u a 
u 3 
1a · ... 
lf I 
18 3 
lt-- I 
II I a 
11 l 3 
II 3 
13 3 
86 l 3 
ae I 

• I .,. .3 

• 8 

• I 

10 I 
11 a· •• I 

• I .. I 

• I .. I 

I . 
:1100 
:11.10 
:&100 
:IQ.OO 
:15100 
:1100 
:1100 
:1100 
:15100 
:15100. 

:!5100 
:!5100 
:15100 
IISlOO 
115100 
&ISlOO 
&15100 
:15100 
lnOG 
tiUOO 
:!5100 
:15100 
:5100 
:nco 
:5100 
:&100 
1IUGO 

tlnOO 
:15100 
l 
15100 
aUOO • 
115100 I 
1tD.OO I 
I 
am.oo : 
1:51.00 l 
l 
11Sl.OO : 

'I'Ule :No. 2 

suu, Gu 1 1!k II 1 Le&decl wi\h BS for 155-mn. Howitzer 
(:r.bi'Uri l7. lv32) 

Lot 35-1-14 
: ~::::t:: Booeter : Height :Threada:F1r1ng: 

caslm lbabv:ot Booner: oaed:AcUon:Che.r e: Burst 

116 -396 
116 --st6 
3M --396 
3M 
3M --3M -3M 
3M --3M --3M 
3Ve 
3M .. . 
8111 ------HI 

3M 

liZ?- 25/32 
-6 7/6 
-1 5/8 

21/32 
-5 1/2 
-6 13/32 
-4 17/32 
-6 5/8 
-7 ::i/8 
-6 5/8 

-6 19/32 
-1 19/32 
-6 ::i/8 
-6 U/16 

132G7- 13/9 
-4 ll/l6 
-6 13/32 
-'I l 9/16 
-5 5/8 
-7 17/32 
-6 3/4 

~257- 11/16 
-4 25/32 
-6 23/32 
-& 3/4 
-6 17/32 
-7 l 1/2 

-4 '3/4 
-1 l 17/32 

-7 17/32 
-6 17/32 
-6 17/32 .... l 13/32 

.... l 3/f. 
132&7- l/2 

-4 l 3/f. 

1 Dad. 
I X.. arbr 

-. . 8 OK 4 
6 " 4 
5 " 4 
::; " 4 
4 .. 4 
3 " 4 
4 .. 4 
::; " 4 
::; " 4 
5 

5 (K 4 
5 " 4 
5 • 4 
6 " l 4 
3 " 4 
6 " 4 
3 " 4 
5 " 4 
::; " 4 
4 " 4 
7 " 4 
5 " 4 
7 " 4 
6 " 4 
6 " 4 
4 n 4 
4 

6 OK. • ::; 

5 OK 4 
::; " 4 
6 " I 4 
3 

7 OK 4 
4 

7 OK 4 

!lumber or l'hreada 

6 
5 

18 Uoaal burata 3 to 6 

Dud 
OK 

Low order 
OK 

" 
" 
" 

Low order 
OK 

:!!'Use would not es81:l- : 
b1e(adap"ter distorted): 

OK 
• 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
n 

Fuse .-auld not eseo-
h1efe~~ntAT ~4Atorte~ : 

UK. 
Fulle .-auld not aas11111- : 
ble(adapter distorted) : 

OK 

" 
" 

Fulle.-ouldnot aas11111-: 
-. b1e(adapter distorted): 

OK 
Fuse .-auld not es11111- : 
b1e(a4apter distorted) : 

OK 

Rtlllllr ka e 

100-yd. Ehort 

5Q-yd. short 

50-yd. short 

Yal.Ma g1Tea 1a oolu.D beaded "Aft~ BleT&tion", were obtained from the Batter:• Commander 
1lbo did 110't ~ 't1le 1Dd1Tidual eleT&tioD settings for eaoh shot. The Vlllues do howrever, 
,.......... _,..~17 taw awrase el.....-tion tor the lot desigoated and at the tae fired. 
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Table lio. 3 

Shell, Ges, l.!k II 1 Loe.ded w1 th llB :ror 155-tL. Howitzer 
(February 15, 1g32) 

Lot 35-1-13 
Number : Zone : : .ATer e: Booster : :.eight :Threade:Firing:Powder: 

ot Shel1:',1ei~t:lle.nge:El.evat8fon:Lot Humber:ot Booater:~oeed:A.ction: lot :curet 

1 2 
2 3 
3 2 
4 2 
5 2 
6 2 
7 2 
8 . 2 
9 2 

10 2 
11 2 
12 2 
13 2 
u 2 
15 2 
16 2 
17 2 
18 2 
1~ 2 
ao 2 
21 2 
21 2 
23 2 
24 2 

-I 

~ 2 
26 2 
27 2 
28 2 
~ 2 
30 2 
31 2 
32 2 
33 2 
34 2 

35 2 
36 2 

: yd. 1:4118 

:5100 408 
:5100 408 
:5100 408 
:5100 408 
:5100 408 
:5100 408 
:5100 408 
:5100 408 
:5100 408 
:5100 408 
:5100 408 
:5100 408 
:5100 I 408 
15100 408 
15100 408 
15100 408 
:5100 408 
15100 I 408 
r5100 1 408 
;5100 408 
15100 I 408 
15100 I 408 
:IUOO I 408 
15100 408 

:5100 408 
:5100 408 
15100 I 408 
15100 I 408 
:5100 I 408 
15100 408 
t5100 408 
:5100 I 408 
:5100 I 408 
t5100 I 408 

tlSlOO 408 
t5100 I 408 

13257-11 5/8 
-6 5/16 
-6 1/2 
-11 gjl6 
-5 5/8 
-7 1/2 
-11 1/2 
-5 15/32 
-7 19/32 
-10 13/32 

None 19/32 
13257-4 5/8 

-5 3/4 
-6 1/2 
-10 7/16 
-6 9/16 
-11 21/32 
-10 1/4 
-6 5/8 
-5 1/2 
-5 3/4 
-4 5/8 

13257- 7/16 
-5 3/4 

-1 5/8 
-6 5/8 
-6 11/16 
-6 5/8 
-4 5/8 
-5 1/2 
-5 5/8 
-6 13/32 
-6 5/8 
-11 I 1/2 

-5 5/8 
-5 3/4 

SU?-
5 Du4a 
3 Low ar4ar ot 

bunt• 
26 Normal blU'IIh 

5 
4 
4 
4 
5 
4 
4 
4 
5 
3 
5 
5 
7 
4 
3 
5 
6 
1 
5 
4 
7 
5 
3 
7 

5 
5 
6 
5 
5 
4 
5 
3 
5 
4 

5 
7 

: Charfie: 
: : 

OK 17g9 

" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 

" 

OK " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
" " 

" 

OK " 
" " 

3, 5, 6, 5, &D4 7 
4, 3, &D4 5 

.1 to 7 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 

OK 

" 
" 
" 

Low order 
OK 

" 
" 

Dud 

" 
OK 

" 
" 

Low order 
OK 

" 
" 
" 
" 
" 
" 
" 

: ll'l.ule o ou1 d not 
:be ualll!bled 
:(adapter dis-

torted) 

Low arder 
OK : 
Dlld 
OK 

" 
" 

Dud 
OK 

" 
Fuse ooul.dnot: 

1 be uaembled 
(a4epter dis-
tarted) 

OK 
Dud 

Remarks • 

200-yd. short 

300-yd. short 

200-yd. short 

1 150-yd. short 

Valu .. given in oolWIIJl headed "Average BleTation" • -re obtaiJIH troa ttw BatteJT ec-Mer 

llho did aot reoord the iJid.irtdual eleTation aett~a for eaoh ·shot. the ftluea do bownr. 
represent ~pproxt.atel7 the anrage elevation r~r the lot de•i~ed &Dd at taa tt.e tired. 

~s-



Table No. 4 

Shell, Gas, ;]c II 1 Loaded w1 th HS tar 155-mm. riowitzer 
(February 17, 1932) 

Lot :35-1-16 
.ilulllber : Zone . . Average : Booster iieight :Thread.e:Firill8: 

ot Shell:Uei§ht:B!nge:Elevation:Lot Numher:of Booster:E!posed:~ction:Charge: Burst Ramarl,cs • 

1 

2 
3 
4 
5 
6 
7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
16 
lg 

20 
21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 
32 
33 
34 

35 
36 

: yd. mils : : : : 
:light :5100 410 13257-5 21/32 5 Fuse would not assam- : 

ble (adapter distorted) : 
:5100 410 -6 21/32 5 OK 4 OK 

" :5100 410 -6 17/32 4 " 4 " 
" :5100 : 410 -4 15/32 3 " 4 " 
" :5100 410 -5 19/32 5 " 4. " 
" :5100 410 -6 25/32 7 " 4 Dud 

" :5100 410 -5 5/8 5 l!'u.se would not asseo- : 
ble(ada:pter distorted): 

" :5100 410 -4 5/8 5 1-'u.se would not assam- : 
ble(adapter distorted) : 

" :5100 410 -5 1/2 4 OK 4 Low order 

" :5100 410 -4 17/32 4 4 C" J.• 

" :5100 410 -4 5/8 5 4 
:5100 410 -4 5/8 5 4 " 

" :5100 410 -e £'/16 4 4 " 
" :5100 410 -5 15/32 3 

:5100 410 -5 fJ/8 5 OK 4 " 
" :5100 410 -6 9/16 4 4 " 
" :5100 410 -4 19/3:: 5 " 4 

" :5100 410 -5 5/8 5 4 

" :5100 410 -4 5/8 5 4 

" :5100 410 -c 1/2 4 4 " 
" :5100 410 -5 1/2 4 II 4 

" :5100 410 -4 0/lC 4 4 Dud 

" :5100 410 -5 1/2 4 4 " 
II :5100 410 -5 9/16 4 \.._.,;),. 

., :5100 410 -5 "'...7/;,z .. 4 :..:ud 

:1 zone:5100 410 -4 17/32 4 Low vrder 
II :5100 410 -5 25/32 7 OK 4 Ol~ : 

:li;;ht :5100 410 -6 7/8 :: 4 
II :5100 410 _.., 

13/32 " II 4 o.J 

:5100 410 -4 5/8 5 4 
:1 zone:5100 410 -5 3/4 6 : 4 " :light :5100 410 -0 10/32 5 4 ;.)ud 

" :5100 410 -5 23/32 6 " 4 OK 
:1 zone:5100 410 -5 23/32 c Yuse would not assera-

:lidlt .:5100 410 H/32 
b1e(adapter distorted): 

II 

-5 4 Ui: 4 UR 
:5100 410 y -5 13/16 7 II· 4 

• The shorts and overs recarded in this co1uon represent estimates SIIlounting 
to 100 to 200 yards. 

SUWARI 

~ 

4 l.luda 
2 Low order of bursts 
26 :roreru. bursts 

llunber o:r ':i:'hreada Exposed 

4, 4, 5, and 7 
4 and 4 
3 to 8 

3hart 
" 

ever 

ever 

..;:,ort 

:::ott Ground 

·,alues given in oolUlllll headed "Average l:;levation", were obtained f>"<•L ""ch.· :\atterv Commander 
w;.o did not record the individual elevation settings for each shot, :<i.e -,alues' do however._ 
represent approxL~tely the average elevation for the lot designated and at the time fired. 
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~· Meteorological Conditions. 

rhe tollowing meteorological conditions prevailed 
during the firing period and the periods f'ollolling during whioh '98por 
samples were taken and animals were exposed on the target area a 

Date Kay 23, 1932 
Time ... 9153 to l0a20 a.m. • 10120 to llalO a.m • • llalO a.m. 

to 3al0 
Air temperature °F. - 69 - 60 • 60 to 67 
Ground temperature or • • 74 to 11 - 11 to 83 "' 83 to 96 
Ground condition - damp - damp .. damp 
Relative humidit,y % • 64 to 60 - 60 to 58 • 58 to 50 
Wind velocity m.p.h. - 3.2 • 6.0 - 6.2 
Wind d ireotion •NE to SE to S to SW • SE to S "'"S to SW 
Sky .. Ha£y to clear .. Hazy to clear .. clear 

Date .. ~ 24,1932 • ~ 26,1932 
Time •10135 a.m. to 2&36 p.m.. - 10a30 a.m. to 2a30 p.m. 
Air temperature or. • 61 to 74 • 72 to 79 
Ground temperatu~e °F. - 83 to 96 • 86 to 99 
Ground condition - dry - dry 
Relative humidi~ % .. 90 to 76 - 90 to 64 
Wind velocity m.p.h. - 5.3 .. 7.6 
Sky - clear • clear 

1. Results • 

.!• Liquid BS. 

(1) Si&e of HS Drops. The distribution of' liquid HS 
by shell burst, was registered by meena of paper p&Dels eight inches 
square, placed flat on the ground over the target area, at intervals 
of ten yards, and also by tin plates of the same size, having a coating 
aenaitive to HS liquid, whioh were placed beside the prp er panels. The 
tin plates proved unsatisfactory due to diffioul~ in detecting the ver.y 
tine drops ot B:B• The results on the paper panels were summarized for 
density of pattern and for size of drops in excess of 0.06 mg. The 
panels having drops in excess ot o.os m.g. are tabulated in the following 
table a 
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Table No. 1. 

Size ot HS Drop• 

Io. ot I llo. ot Eanele 1t'i th BS droEs in excess of 0.06 !I~ 
drops per I .o6 to a 0.101 to a .sol to I 1.01 to a Ovet 3~0 
Eanel ' .1 !!£• • o.5 5• I 1.0 !&• I 3.0 !£• I 5• 

1 I 1 3 I 1 I 3 1 
2 to 10 I 9 19 I 12 12 I 6 

11 to 20 3 2 I l I I 

Over 20 I 4 I I I 

Total panels baTing drops of .os mg. or greater - 33 
Total panels exposed on target area ~ 231 

(2) Estimated ~ Casualties from Liquid BS. 

(a) Man Protected w1 th Gas J4ask Onlt. The 
paper panels were tabulated tor density of pattern produced b,Yhe liquid 
HS, using the gradings heav,y, medium, light, and trace, corresponding to 
the scale of gradings ahown in the photoatatio copy attaobed to this 
report. The panel gradings are tabulated in Table 2, which follows, 
together with estimated man casualtiesa 

Panel 

Table No. 2. 

Estimated Jlan Casualties on Target Area from 
Liquid HS 

Panels contamiDate~ I Estimated Jan casualties 
pattern a io. a Per cent of awhen man is protected with 

I total I 'as mask 
I I % 

Heavy 14 I 6.1 6.1 
llediua 18 I 7.8 I 7.8 
Lipt : 25 10.9 8.7 
Trace 41 17.8 10.7 
lo .. HB 132 I 57.4 I -
Totai I 230 I ioo.o II.! 

The position of shell craters ~d estimated man oaaualties from liquid 
HS are sh01111 on Chart 2. 
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Note: The estimated man casualties, as given in Table 2, 
above, are based on estimates furnished by the Protective Development 
Division in memorandum of Oot. 22, 1931, to the Engineering Division, 
as followsa 

Panel 1 Estimated man casualties through standard 
pattern: issue of uni~regeated clothing 

Hea-vy 1 100 
Mediuma 100 
Light r 80 
Trace 1 60 

(b) Man Protected with Gas Mask and 
standard lmpregeated Clothing. 

The paper panels (8 in. b,y 8 in.) were tabulated for 
number and size of HS drops in exoess of 0.5 mg. The results of the 
tabulation together with estimated man casualties are given in the 
following table1 

Table No. z. 

Si&e of No. ot 1 Estimated man casualties 
liS drops panels 1 when man 1a protected with 

• 1 gas mask and impregnated 
I a clothi!l 

mg. a % per panel a % on entire area 
o.5 to 1.0 l 6 I 40 1.0 
Over 1.0 l 19 I 100 8.2 
Total l 26 I 9.2 

Notea The percent estimated man casualties given in the last 
oolumn is based on laboratory tests b,y the Protective Development Division 
as given in memorandum of August 6, 1931, to the Technical Director. 
Laboratory tests showed that liquid HS penetrated two layers of standard 
protective clothing and produced casualties as followsa 
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HS drops 0.5 mg. in size - 40% man casualties 
HS " 0.7 " " " • SQ% n " 

BS " 0.8 " n " •lOQ% " " 

Estimated Man Casualties from HS Vapor When Man 
is Protected with Gas lBsk Only. 

S8111pling machines were placed to take vapor sample s 
at positions indicated on Chart No. 1. In each of the tables which 
follow, representing different sampling periods, the sampling positions 
used are designated. The HS vapor concentration, o.t. value, and 
per cent estimated man casualties, as estimated from the vapor con• 
centrations, are also included in each of the tables. The o.t. value 
is equal to the vapor coDeantration in milligrams per liter times the 
exposure period in minutes. Estimated man casualties are based on the 
c.t. value using the valuation ourve g1 ven in Graph No. 1, attached to 
this report. The per cent estinated man casualties in the following 
tables represent man protected with gas mask but without the protection 
of impregnated clothing• 

(1) On the Target Area. 

(a) Firing Period Plus Ten Minutes. 

Table No. 4. 

SamplingaElevat!onaVol. of aSamplinga !S • Vapor• c.t.cEsttmated man 
position a of aair sam-: period asampled1oonon.1valueacasualties when 

sample : pled I 1man is protected 

' I I awith gas mask 

' J ' I I : onlz 
tt. I liters J iin. I :mg. aag./1. 1 I % 

F 0 I 824 I 23 0.4 le0006 I .0121 17 
K 1 964 27 0.4 a.0004 I .Olla 16 
0 0 1}.26 31 1.2 leOOll 1 .OMa 45 
G I 0 lll>54 29 o.o avO I 0 0 0 
L• I 1 i608 34 ' 2.6 ;.0041 I .14 I 100 
p 0 lj~42 37 I 16.0 ao0112 .41 I 100 

46 Av. 

•The aample at positicjD L, does not represent the whole 88lllpling period as 
the sampling machine 1jlas put out of commission due to effects of shell fire. 
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(b) Fitt{ Minute Period, Beginning Ten 
Minu ea after Cessation ot Fire. 

Table No. 6. 

Sampling1Eleva.tion1Vol. of 1Samplinga kB a Vapor1 c.t.cEstimat8d man 
position1 ot 1air a am- a period asaaplecl aooncn.1va.lueccasualties when 

1 ample I pled I I 1m&n ia protected 
I I ' ' :with jaa :mAik only 

tt. a li'ere ' min. mg. amg./l. 1 
F I 0 1932 64 o.o :.0 : ... I .. 
K I 1 t 1940 66 0.6 ao0003 ' .016' 25 
0 0 I 1966 55 o.e a.0004 I .o22a :53 
G 0 I 930 I 52 1.0 a.OOll 0 .057a 64 . 
p 0 I 1966 I 55 6.1 1.0031 I .170: 100 

44 Av. 

(c) Firing Period Plus One Hour. 

Table !lo. 6. 

SamplingaElevat1onaVo1. of aSampllnga HS a Va.pora c.t.aEetimated man 
poaition1 ot 

: sample 
• 
' tt. 

F I 0 
X • 1 
0 0 
G I 0 
L I 1 
p 0 
B 1 
s 1 
T ' 1 

Appendix B 

aa.ir sam-a per1od18&mp1edlconan.l.alueacasualties when 
pled 

I liters 

' 2766 
I 2894 

3092 
I 1984 

' 1608 
I 3308 . 2640 . 
' 16?0 

' 44S6 

(d) 

aman is protected 
a I :with as mask onl 

I llin. ' mg. 1ag. • I ' I 77 I 0.4 lo0002 ' .0121 16 
82 • 1.0 le0003 ' .o2?c 39 
86 I 2.0 ..ooos .052t 80 

a 81 a 1.0 lo0006 .04la 51 
I 34 I 3.1 a.0019 I o064t 69 
I 92 I 21e1 a.0063 I e68 I 100 
a ?6 a 0 I 0 I 0 • 0 
I 46 I 1.9 a .00111 .osla 60 

' 122 ' 69.2 •• oua 11.81 ' 100 

Four Hour Period BeJinnin£ One Hour 
After Cessation ot ire. 
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'!'able No. 1. 

SamplingaElevation:Vol. ot 1SaapUng1 HS 1 Vapor1 o.t.1Estimated man 
position a ot 1air sam• a period lsampled:ooncn.lvalueaoasualties when 

1suaple 1 pled : 1man is protected 
I I awith gas mask only 

I tt. liters I iliii. mg. amg./1. 1 I % 
F I 0 8640 235 0 I . 0 0 I 0 
K I 1 8360 230 0 I 0 0 0 
0 I 0 8120 227 I a Semple lost 
G I 0 8280 I 231 I 0 I 0 I 0 I 0 
L I 1 4000 I 220 I l.T I .0004a .ossa 86 
L I 1 4000 I 220 I 1.0 .ooosa .ossa 70 
L I 2 4000 I 220 1.7 .0004a .ossa 86 
L I 4 4000 I 220 lost I .. .. -
B I l I 8460 I 240 0 I 0 I 0 0 
T I l I 6620 I 186 4.2 a.Q006Sa .11 I 100 
p f 0 I 7020 196 0.4 1.00006a .0121 16 

(e) Four Hour Period on Dal FollowinG Testa 
{l01SO a.m. to 2:30 p.a., May 24, i!!!l• 

'!'able No. a. 

sampling1Elevat1onaVoi. ot a Sampling I B8 aVapor 1 o.t. 1Estimated man 
position I ot 1air sam-a period aeempleda.ancn.l~lueaoasualties when 

a sample J pled I I uaan is protected 
I I I a I I :with las mask only 

Stake No.1 tt. litera t iln. I 111&· •g./l.l 
172 I l -&290 a 2-&0 a o.o aoOOOO I e00 I 0 

n 
I 2 I 

n 
I 

n 
I o.o a.oooo I .oo a 0 

n 4 a n 
I " t o.o a.OOOO e00 I 0 

269 a 1 4270 I 239 I 1.2 a.0003 .o?2a 76 
n 

I 2 l " I " t o.o a.oooo I .00 I 0 
II 

I " I " J 
II t o.o a.OOOO I .00 I 0 

llO a 1 4260 I 236 t o.o a.OOOO .oo I 6 
• 2 " II t • t II " I " 
" I " & 

II " & " J 
II " II 

Appendix B 



(f) Four Hour Period 2nd D~ Followin~ Test a 
(i01!§ a.m. to 21!0 p.~. M!i 26, 1912). 

Table lio. 9. 

SapUng11iefttion1V01. of 1Samplinga HS 1 Vapora •·'·•Estimated Man 
poeition1 ot aair saa-1 period asamp1edaoonon.lftlUeiO&sua1tiee when 

I ••ple pled I 1man is protected 
I I I I twith u mask only 

s ake llo.1 I mill.. I mg. lag. • I 

110 I 1 I I 240 I o.o a.OOOO 1a.OO 1 0 
n 

I 2 I 
tt 

I " I " I " I 
.. 0 

" I 4 I 
II 

I " • 11 
I • I " 0 

112 i I 4260 I 288 6.6 h0000 I .oo I 0 
It I 2 I 

It 
I 

It I 
II 

I 
It It 

I 0 
" I 4 I 

It I 
tt 

I 
II 

I 
II It 

I 0 
216 I 1 I 4260 I 236 I o.o a.OOOO I .oo t 0 

II 
I 2 I " I " I 

It t n " 0 
" I • : " I 

It 

' 
n 

I " ; " 0 

(2) Outside of Target Area. 

(a) Firing Period Plus One Hour. 

Table llo. 10o 

Sampi!ngallevation:Vo1ume1Sampling1 B8 1Vapor 1 o.t. 1Estimated man 
position1 ot :of airt period asaap1ed aoonon. 1ftlue 10asual ties when 

I saap1e 11amp1ea I I I aman is protected 
I I I I I :wi. th r· :mask oJ:Lly 
I A. I Uteraa IdA. I mg. amg.)l.l 

E 1 I 1420 I 79 I o.o leOOOO I 0 I 0 
E 2 II 

l 
tl t o.o •• oooo I 0 I 0 

i! I • I • I • I o.o a.OOOO I 0 I 0 
I t 1 I 1400 I 82 r lost a.OOOO I 0 I 0 
It 2 It t " I 0.4 a.OOOS I .024: 36 
• • I 

It 
I 

It t o.a a.0006 a .0491 60 '· 

J 1 I l4SOa A o.o a.OOOO I e00 I 6 
It I 2 It 

I • o.e 1.0004 I .OI4t 46 
" I 4 • I 

It 
I o.o a.OOOO I e00 I 0 

ll I l I l6§0 I 89 I 1.7 I 1.0011 1 .0981 92 
It 

I 2 I " I It I 1.0 ,.oooa 1 .ossa 62 
It I 4 I 

II I " I 1.0 a.0006 I .0631 62 
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Table 10 (Cont'd.) 

Sampling:Ele~tionaVol. of :Samplinga HS t Vaport c.t. :Estimated man 
position a of a air eam- t period aSampledaConon.t~lueacasualtiea when 

• a ample • pled I ~ is protected 
• • • • • • :nth ~as mask only 

ft. litera t min. I mg. amg./1. a 
N • 1 1600 88 • o.s a .0004a .036a 47 
II • 2 " • II • o.o •• oooo. .oo • 0 
" • 4 II • II 

I 1.2 • .ooo7a .06lt 66 
Q I i I l670 I 92 I i.o I .ooo6a .ossa 62 
II • 2 • II • " • 1.0 1 .oooe: .ossa 62 
II 4 n t " o.e • .ooos. .O-i6a 56 
R I 1 • 835 • 46 o.6 .oOO?a .o!21 44 
n • 2 • II " • o.e 1 .OOlOa .046a 56 
II 4 II II • 0.4 I .ooos. .023a 33 
u 1 22i8 122 • o.o I .oooo. .oo I 0 
n. 2 II 

I " o.o • .oooo •• oo • 0 
II 4 Ill 

I 
II 1.2 • .0005a.06lt 66 

A 1 132o I 16 1.8 .ooila .16 I 13 
II 2 II • " t 1.9 • .0014a .11 • 100 
II 

t 4 I 
II II 0.4 • .oooaa .02 • 30 

(b) Four Hour Pe•iod BegiDnin5 One Hour 
Aftlr Ceaaatio:a. o'l Fii=i':' 

Table No. 11. 

Sampling1Elevation:Vol. of a Sampling t us a Vapora c.t.aEetimated man 
poaitiona of 1air sam-a period asampledacancn.a~lueaoaaualtiea when 

a ~aaple a pled aman is protected 
I I I :with ~as mask only 

tt. Utere I min. z mg. •m.s·/1 •• 
R I 1 t 4140 231 • 0.6 : •• 000141 .032a 46 
• • 2 I 

II t • • o.o a.OOOO t .oo t 0 
II 

I 4 t • I " • o.o i.oooo • .oo • 0 
M I 1 • 3940 t 220 • 1.6 a.00025a .056a 63 
• 2 • II 

I " t 1.0 a.00026a .066a 63 
II 4 I " . II 

t o.s ta00016a e033a 4? . 
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~· Estimated Man Casualties Based on Effects on Animals. 

Animals were placed on the target area and at positions 
downwind from the target area to deter.mine effects of the gas oonoen• 
tration set up and how long the liquid HS persisted on the impaot area. 
The position of the animals. as exposed during the various exposure periods. 
is shown on Charts 1. 7• s. 9. and 10. The animal casualties and estimated 
man casualties. are given in the tables which follow. The man casualties 
are estimates made b,y the Medical Researoh Division wbioh observed and 
studied the effects on all animals exposed. Estimated man casualties. 
based on effects on animals are shown on Charts 11. 12. 12A. and 13. 
In the tables • the following symbols are used to designate the nature of 
the animal oasual ty a 

L • Gross pathology of lung. 
R - Respirator.y symptoms. 
S - First degree skin burn. 

s2 - seoond " " • 
s3 • Third " " " 
E - Staple oonjunotivitie 

E2 ... Purulent " 

In all tables. per oent eetimated man casualties based on effects on 
anim.els are given as 0 or 100%. depending entirely on whether eaoh animal 
represented a positive result or not. 

(1) On Target Area. 

(a) Firing Period md Following Ten Minutes. 

During the firing period and following ten :minutes • 
ei1hteen rats and sixteen goats were exposed on the target area. Animal 
casualties and estimated man casualties. when man is protected with gas 
mask only. are tabulated in Tables 12A and 12B. below. The position 
of the animals on the target area. is shown on Chart 7 • 
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Table No. l2A.. 

RATS 
Positions la'&ire : SeveritY a 'Remarks aEetia ted man 

:casualties when 
aman is protected 

of z of : of 
stake zoasualtyzoasualty 

56 E2 a Senre 
I I 

91 I E I ilOderate 
§9 I ELS- 1 Death 

I 

13§ ELS w 

179 EL w 
; 

3 I E2S a Seftre 
I I 

227 I ES a Moderate 
I 

Per oent Casualties .. 

a rwith as mask onl 
aBurns on feet. casua ty in: 
I 24 hr. I 

1Casua1ty in 24 hr. a 
zBurns on teet. Casualty ina 
z 6 hr. Death in 4 daya. z 
aBurna on feet. Casualty ina 
z 12 hr. Death in 4 days.z 
zCasualty in 12 hr. Death z 
; in 7 da a. 
aBurns on teet. casual 
z 6 hr. 

in a 
I 

z Burns on teot. CasualtY in z 
18 hr. 

zRata 39% 

Table No. 12B. 

GOATS 

6 
100 

100 

lOO 

100 

100 

Positions NatUre 1 SeTerity a Remarke 1Estima. ted man. 
of t of a of ; 

stake z oasual ty z oasual ty a 
I I 

1 Moderate a Casualty in 12 hr. . Lim t " w 6 hr. 
I Lig aBurns around abdomen. 
I t ,casualty in a hr. 

121 ESL I Death a Bums around abdomeni. 
I I aCasualty in 12 hr. Death 
I t a in 6 daya. 

161 s I Light · aCaau8lty in 8 hr. 
265 s E2LS z Death aBuma around abdomen. 

a t 1<Jaaualty 1D 12 hr. Death 
I in 16 days. 

Per oent Casualties aGoats - 3'7% 

Per cent man casualties based on rats and goats - 26% 
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1 oasual ties when 
tman is proteoted 
awi th as mask onl 

I 

I 

I 

0 
0 

160 

ioo 

a 0 
I 100 
I 

dian 19'!0 



(b) Firing Period and Following liourt 

During the tiring period and following hour, fifteen 
rats and seventeen goats were exposed. Animal casualties and corres
ponding estimated man casualties are tabulated below. The position of' 
the animals on the target area is shown on Chart 8 and the position of' 
estimated man casualties is shown on Chart 12. 

Table No. 13A. 

RATS 
Position a llat\ire a Severi't; Remarks aEstima ted man 

ot I of & ot I a casual ties when 
stake 1 oasual ty 1 casualty a 1man is protected 

I 2 I :with as mask obl 
67 E alloderateaCaaua I 0 
1 I ER aLi~t I 0 

111 I EL aDeah hr. ioo 
& 

119 I SE aLight 160 
I 

!!:5 E in 12 hr. I 0 
3 s I 

I I 

03 ERS2 a Severe 6 

Per cent casual ties aRats • 46l! dian 2~ 
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'fable R'o. 13B. 

GOATS 
Pod tiona lifature I Severity RemarkS aEstlliiAted JIUUl 

of : ot I ot acasualtie~ when 
stake a casualty a casualty • aman is protected 

I I :with i~s mask onlr 
46 • R • LI ht :Casual I 0 

ELS I Death aBurns on a ~n• 
I aCasualty in 12 hr. Death a 

I ' in 4 dal! I 

l4l I RS a SeTere a Burns on ears • Casualty I lOO 
I I in 12 hr. I 

1:1 I :s I : aCasuai!l in l2 hr. I 1~0 
aBUrns on abdomen and ears.a 1 6 

t a~sualtz in 12 hr. I 

226 aa E2RS I • 1 Burne on abdomen and ears.a ioo 
I aCasualty in 12 hr. I 

229 I EL 1 Death 1Casualty in 6 to 12 hr. I lOO 
Death in 1 daza. ' 

Per cent Casualties aGoats • 41% allan • 35% 

Per cent Man Casualties based on Rats and Soate • 3~ 

(c) Four Hours, from 2nd to 6th Hour .Attur Firi!lg• 

During the four hour period following the tirst hour 
after tiring, fifteen rats and nine goats were exposed. Animal casualties 
are tabulated below, also estimated man casualties. The position of the 
animals on the target area is shown on Chart 9, and the position of 
estimated man casualties is shown on Chart 12A. 
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Table No. 14A. 

RATS 
Positiona Nature J Severity Remarks 

ot : ot I ot 
stake aoasualty: casualty 

t a 
51 I E • Moderate 
71 i I 

if 

99 I I I tlet 
1~9 : ES I Severe 

I 

a 

I : 
163 ' L :Death 

Per cent Casualties 

121 

161 I R 1 Severe 

Per cent Casualties 

: 
I 

1Caaualty in 6 to 12 hr. 
I w • " " w 

w W H • I 

1Rats • 46% 

Table No. l4B. 

GOATS 
1 Burna on ears and 
:abdomen. Casualty in 
1 6 to 12 hr. 
aCasualty in 12 hr. 

aGoata • 22% 

w 
if 

Per oent Man Casualties baaed on Rats and Goats - 11,% 

a Estimated man 
1oasualties when 
1JU.D is protected 
:with gas mask on;y 
a 0 

0 
I 0 
a ioo 
: 
I 

I 

I 

I 

dian -

I 

: 

0 
0 

lOO 

20?0 

lOO 

0 

allan - ll% 

(d) Twen trom 6th to 3oth 
Hour 

During the twenty-four hour period following the fourth 
hour after firing. eight rats and tour goats were exposed. Animal 
casualties and estimated man casualties are tabulated in the following 
tables. The position of the animals on the target area is shown on 
Chart 10. and the position ot estimated man casualties is shown on 
Chart 13. 
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Table No. 16A. 

RATS 
Podtion: lature a Severity 1temarks aEstmed man 

ot a ot : of aoasiJllties when 
stake a casualty a casualty I aman is protected 

I 1with as ask onl 
91 ERS Moderate aBurns on fee • Casual 100 

I :when removed from area. 
95 I ERS w 1Burns on feet. Casualty 100 

:when removed from area. I 

99 E I Light 1Casualty when removed f'rom1 0 

115 ERS I 

lf§ I L· 
I 

I ERS 

139 I ERS I 

I I 

143 I ERS 

Per oent Casualties 

97 R 

141 I s 

Per cent Casualties 

1area. I 
w aBurns on feet. Casualty I lOO 

nrhen removed fromarea. I 

Death 1Casualty when removed f'rom1 1oo 
1area. Death in 20 da s. 

erate 1Bums on tee • casua 0 
1when removed from area. 

6 1Burna on teet. Casualty iuo 
1when removed from area. I 

w 1Ditto !oo 
1Rats - 100% allan - 88% 

Table No. l5B. 

GOATS 
Moderate :Casualty when removed from1 0 

Light 
:area. 1 
1Burns on abdomen. Casuai
lty when removed from area. 1 

ioo 

aGoats - 50'j0 1Man - 25% 

Per cent hn casualties based on Rats and Goats • 6'1% 

(e) Twenty-tour Hour Period in Shell Crater.!' 
on Third D~ After Firing. 

During the twenty-four hour period following the first 
forty .. eight hours atter firing. seven rata and one goat were exposed 
in separate shell craters on the target area. Animal casualties 
and estimated man casual ties are tabulated in the following table 1 
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Nature 1 
of 1 

casualty a 

~enritY 
of 

casualty a 

Table No. 16. 

RATS 
Remarks 

1~on feet. 
LES a I 

W I W 

Sz 1 Severe I • ti it 

Per cent CasualtiesaRats- 43% 

1Estimated man 
acasualties when 
1man is protected 
1with gas mask only 
1 ioo 
1 ioo 
I 100 

Per cent Man Casualties based on Rats and Goats - 31,% 

The goat exposed was not a casualty. 

(f) Tnn •four Hour Period in Shell 
Cra era on 9th Day er Firing. 

During the twenty-four hour period following the first 
eight days after firing. seven rats and one goat were exposed in shell 
craters on the target area. Animal casualties and estimated man 
casualties are tabulated in the following table1 

Table No. 17. 

lature I SeveritY Estimated man casual ties when lll8:&l 

of : of a is protected with gas mask only 
oasualtya casualty a 

6 I I tlfht I 

E I I 0 

Per cent Casualties 1Rats - 2~, Man - g% 

Per cent Man Casualtiea based on Rats and Goats - ~ 

The goat expoaed was not a casualty. 

(2) Downwind from Target Area. Eight rats and four 
goats were exposed at position• downwind tram the target area during 
the firing period and the following four hours at positions shown on 
Chart I. Jtone of the animals were oasualties. 
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e. Discussion. 

a. Shell Distribution. Only 25 shell of the 40 fired for 
effect reg!atered on the target area (200 yd. by 100 yd.). The craters 
produced by these 25 shell were all located within an area of 7850 sq. 
yd. which is only about 1/3 of the target area. Aside from the 25 
impacts on the target, there were eleven additional impacts within 
a distance of 20 yd. upwind from the edge of the target area. All 
ot these eleven shell probably contributed in some degree to the HS 
vapor and HS liquid concentration set up on the target area. The 
position of the shell craters is shown on Chart 2. 

b. ~act Area. The number of animal positions included 
within the-impa~area was 25. and since each animal was located in the 
center of a 20 yd. sq •• for purposee of discussion, the size of the 
impact area may be regarded as 10.000 sq. yd. The animal positions 
on the impact area and DUmber of impacts on each 20 yd. sq. is given 
in the following tablet 

Table No. 18. 

ImEaot Area ~10 1 000 SSf.• ld•~ 
Stake at center 20 yd. square lmEaots within 20 yd. square 

97 2 
99 2 

117 2 
119 2 
121 5 
137 1 
139 1 
141 0 
143 5 
169 0 
161 1 
163 0 
166 1 
181 1 
183 1 
185 1 
187 0 
203 0 
206 3 
207 0 
209 1 
226 0 
227 2 
229 1 
251 0 
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Seven of the impacts included in Table 18• were outside of the target 
area, but were included in the 20 yd. sq. occupied b,y an aatmal. 

~· Estimated Man Casualties from Liquid BB• 

(1) Protected with Gas Mask but Without Protection of 
]apregeated Clothing. 

Reaulta from paper panels given in Table 2, show that 
personnel exposed with equal distribution on the target area during the 
tiring period, would sutter about 33% casualties from liquid HS • when 
protected with gas mask but without the protection of impregnated 
clothing. The percentages given in Table 2 are based on the entire 
target area ~ich includes an area of about 10,000 sq.yd., on whioh 
there were no impacts. The figures given below, in Table 19, are 
based on results on the impaot area (10,000 sq.yd.) as defined in para
grJlph 8 b• and on which 32 shell burat. 

I 

• 

Table :No. 19. 

Estimated Man casualties from Liquid HS 
on Impact Area (io,ooo sq. yd.). 

oontam!i&ted1Estlmated man casualties when man 
a Per oent 1 is rote oted with as ask on 

4. 
19.0 19.0 
21.1 16.9 

I 20.0 ' 12.0 
I 26.2 I 

• ,too.o t 62.6 

It 32 shell distributed on an area of 10.000 sq.yd. will 
produoe 62.6 per oent oa .. altiea from liquid HS when man is protected 
with gas mask, only, about 26 shell distributed per 100 yd. sq. are re• 
quired to produce 6Q% casualties. 

(2) Protected with Gas Mask and Standard l!pregnated 
ciO'thiD£· 

Results given in Table 3 show that personnel exposed 
with equal distribution on the target area during the firing period, 
would suffer about 9.2,% oaeualtiea from liquid HS when protected with 
gas mask and standard impregnated clothing. The percentages given 
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in Table 3 are based on effects on the entire target area which includes 
an area of about 10,000 sq.yd. on which there were no impacts. The 
figures given below in Table 20, only include that part of the area 
(10,000 sq.yd.) on which the 12 shell, which registered on the impact 
area actually burst. 

Table Jfo. 20. 

Estimated Man Casualties from Liquid HS 
on A!Pact Area. 

siu of HS 1 No. aEatia.ted man oasu8lties when man is 
drops 1 of aprotected with gas IU.sk and s-tandard 

:paeelsa+mpregeated clothing 
mg. 

0.5 to 1.0 
Over 1.0 

1 Per panel !t Per cent 
I . 6 4:0 I 2.5 
I 19 100 20e0 

Total I 25 I I 22.6 

Total panels on impact area - 95. 

If 32 shell distributed on an area of 10,000 sq.yd. 
will produce 22.5% oasualtiea from. liquid HS, when man is protected With 
gas maak and standard i:mpregnated clothing., about 71 shell distributed 
per 100 yd. sq. are required to produce 60% man casualties. 

!• Estimated :Mm Casualties from HS Vapor. 

(1) Effects of Meteorological Conditions. 

The vapor concentration set up from. a giYen number of 
shell is dependent· on wind velocity, atr i:allperature and ground tempera
ture. The higher the Wind velcoi ty, the more the HS 'VIl.por is diluted 
and the quicker it is carried away. For example, the effects from HS 
vapor on a contaminated area would theoretically be only 1/2 as great due 
to dilution, in the presence of a ten m.p.h. wind, as in the presence 
of a five m.p.h. wind, when other factors are equal. 

The rate of e'VILporation of the liquid HS from the ground 
is dependent on surface exposed and ground temperature. The "Vapor preuure 
of HS a~ 20°C. is .0660 ~ and at 30°C., .160 mmfHg, so the evaporation 
rate and vapor oonoentration set up at 30°Ce would be over two times as 
great as at 20°C. when other conditions a~e equal. It tollow.i, that 
with other oollditions equal, the 'VILpor concentration set up is largely 
dependent on the ground temperature • 
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One of the moat important factors which deter.mines the 
effectiveness of HS vapor is the presence or absence of convection air 
ourrents. If the ground is warmer than the air, there is a tendency 
for HS vapor to rise with the convection currents set up so that the 
HS vapor becomes rapidly diluted and casualties are only produced on 
or near the area coutamim. ted with liquid HS, where evaporation of the 
HS is taking place. On the other hand, if' the ground is cooler than 
the air, coJIV'ection air currents are set up and there is 11 ttle ten
dency for the HS vapor to rise so that casualties from HS Taper may be 
produced 100 yd. or aore downwind from the area contaminated w1 th liquid 
HS. 

On the day of tm present teat, the ground temperature 
was 88°F. to 92~ •• and the wind velocity was 5.3 m.p.h0 at an elen.tion 
of six ,eet. These condi tiona were favorable to set up a aoderately 
high vapor concentration on the impact area. 1'he ground temperature 
however, was about 29°Fo higher than the air temperature so that con
vection air currents were undoubtedly set up. This theoretically re
sulted in the upwind travel of the HS vapor which prevented the building 
up of a high w.por concentration downwind from the area contaminated with 
liquid HS. Theoretically, the meteorological conditions during the 
test were not very favorable to produce casualties from HS vapor outside 
of' the area oontamiDAted with liquid HSo 

I 

(2) Vapor Concentration Required to Produce Man casualties. 

A coDVen1ent method of expressing the severity of exposures 
to vapor is in terms of the c.t. value whioh is vapor concentration in 
mllignuu per liter times the exposure period in minutea. From this 
expression, it is evideut that a short exposure period to a high vapor 
concentration may be equivalent to a long exposure period to a low vapor 
concentration. 

In considering man casualties in the present report, only 
the vesicant effeot:\ of t:t. HS vapor is considered. Casualtiea from 
HS vapor, as given in the present report, are figured from the c.t. TB.lue 
using the valuation ourTe given on Graph 1, attached to thia report. This 
curve was plotted from results of ga• ch~er tests given in Pha!Mcological 
Report Bo. 318. .bide from the points given on the graph to establish the 
curve, an additional point "B" is also given to represent exposure in the 
field of a man. at Edgewood Areenal who became a casualty for about 2 weeks 
due to vesicant effects of HS vapor. The vapor concentration and ex
posure period of this man was equivalent to a c.t. value of .043, which 
corresponds on the curve. to 63 per cent man casualties. All men are 
not equally resistant to HS vapor but the man exposed was shown by labora
tor.y tests to represent an average subject. If a group of men, taken at 
random. were exposed to HS Tapor corresponding to a c.t. value of o043, 
about 53% of the men exposed would be casualties according to the 
valuation curve. 
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(3) On the Target Area, 

(a) Firing Period and the Following Ten Minutes. 

From the results of vapor s8lllplea in Table 4, represent• 
ing the firing period and tm following ten minutes as taken at six 
sampling positions equally spaced on the target area~ it is estimated 
that about 46% lD8l1 caaualties would result, when man is proteoted with 
gas mask, In the fifth column of Table 21, which follows, estimated 
man casualties from BS vapor are given for eaoh 20 yd. sq. on the entire 
target area, The figures given for each square are estimates based on 
results obtained at the nearest sampling positions. the positio:na and 
number o£ nearest im.paots and the wind dire otion, Estimated ll&n casual
ties tor the total target area, figured from estimates on each 20 yd. sq,, 
amount to a total of about 48%, which very olosely oheoka estimated 
casualties of 45% given in Table 4~ representing average results at six 
sampling positions. 

The per cent estimated casualties for each 20 yd. sq. 
as given in the fifth oolumn of Table 21, is shown graphically on 
Chart 3, The shaded area on the chart indicates the percentage of the 
area on which lOQ% casualties would be produced from Hs vapor ~en man 
is protected with gas mask only. The per cent casualties. as shown on 
Chart 3. are based on the effects of 32 shell. If 32 shell distributed 
on an area of a> ,000 sq,yd,, will produce 48% casualties, by the effects 
of HS vapor, it will reQQire seventeen shell distributed per 100 yd. sq. 
to produce 5Q% man oaeualties by effeots of HS vapor. Of course, when 
shell filled with HS are fired, casualties are produced by liquid HS, 
as well as by HS vapor, so that thB shell required in actual operations 
to produce 6Q% casualties would be less than seventeen figured, when 
considering the effects o!' ve.por only. 

(b) Fif]Y Minute Period Beginning Ten Minutes 
ltter tiring Ceased. 

Estimated man casualties from HS vapor, due to effect of 
exposure on the target area for a period of 50 min., beginning ten minu~ea 
arter firing oeased, are given in Table 5, The reaults from vapor samples 
taken at five sampling positions equally distributed on the target area, 
as given in Table 5, show that personnel protected with gas mask only would 
suffer about 44% casualties due to the vesicant effect of HS vapor, The 
part of the target area on which it is estimated 100% casualties would be 
produced is shown on Chart 4. 
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(o) Four Hour Period BefiDni!g ODe Hour 
lt'Eer ceaaation ot ire. 

lD Table 71 eatia&ted .an· casualties are gi~en represent
i.Ag .exposures on the target arM. tor a tour hour period becizmiq one 
hour after tiriDg ceaaed. Sample• were taken at ei~ po1ition. but 
the reaulta .. re aegati?e at t1Te po•itioaa. !he negati .. re.ulta were 
due to the polition ol lhell crater•, wiAd direction aDCl also probably 
due to the tan that 1101t ot t:. l1Cluid BB bad ew.porated. exoept at 
poaitiona tR and around the •hell orater• where the aaount ot liCluid BS 
orig1Dall7 preaent1 •• greater. .At aaapliag poaitioa L1 "n.por aaaplea 
nre taken at elentiona 1 md 2 teet. !he reaulta at the two ele'ft.tiou 
ahcwed no ditf'erenoe in the n.por o011oentrationa. 

The po1itione at whiob. w.por 1aaplea were tak• are. IAown 
on Chart 6. The per cent ehaded area. at eaoh aaapling poaition, represent• 
the percentage ot the 20 yd. aq. on lllhioh 10(),( oaaualtiea would be produced, 
or the per cent ouual tie a on the 20 yd.. aq. 

(d) four Hour Period on D!f Followin5 the Teat. 

The re~lta ot ~por ... plea taken tor a period ot tour 
hour• on the target area oa the day tollcnr:lng the teat. are &iTa 1n 
Table e. Three ... plea taken at each ot three poaitiona • ahowed negative 
reaul ta in all oa1ea but one. !he reaulta obtained at one polition 1howr 
that it wculd be unaate tor pereozmel to OCCUP.Y the area tor a period ot 
three or tour houn Without the protection ot gaa •ak and atuadard pro• 
teethe olothinc. 

(e) Four Hour Period on the Second Dy Followiag fe1t. 

'!he reaulta ot n.por eaaplea takea tor a period ot tour 
houn on the target area on the aeoond cSa7 tollcnring the teat, are pven 
in Table 9. Three aaaplla taken at each ot three poai'tiou ahon4 nep.ti.,.. 
reaulta. Fl"oa theae reaulta it would probably be 1&te tor penozmel 
without proteotio.n ot gu uak or proteotift clothing to oooupy the area 
duri.Ag the aid dq penod tor a period. ot three or tour hour• proT.\ded they 
kept out of' abell oratera. The dagger to unproteeted personnel oooup71DC 
the area would be greater directly after auaet. clue to the &b1eae ot 
oonnotioa ', · air oarreat1 llhiob 1a favorable tor the building up ot a 
dallgeroua BS "n.por ooaoentration. 

( •> outside ot Target .Area. 

(a) l'irinli Period ad Followine:: Hour. 

Bati•te4 Mn o&IUaltiea troa BB Yapor • reaulti:a.c troa 
ezpoaure at the ~ioua aa.pltag poaitiona outaide ot tb8 tarcet area durlag 
the tirtDc period and the tollowiag hour. are giTeD in !able 10. S..pliag 
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poaitiou aud. percentage .. tiated -.n ouualt1ea at ••pling poeit1ou 
are ahown on Clla.J1 5. Ot the five ••pling poait1ou at which ftpor 
.. apl .. were taken dowmrilld troa the target area, poaitioaa J, I, md 
R llhcnred po8it1w rewlta. 'fbeae reaulta ahow that BS w.por wu etteotiw 
tor a diatanoe ot about .a 7d.. d011l'lW'illcl troa tbe area ood•Kiu:ted with 
liquid BS equ1ft1ell't to a diatanoe ot about 86 yd. tf'OII tu poaitlon ot 
illpact. Vapor aa.plea were aleo tmn at tour poaitiou upriad troa the 
target area, three ot whiola ahowed. poaitiw reaulta. Tbe preacoe ot 
npor upwilld. troa tbl target area •• due to upwizui illpaata and proa'b~ 
to a aUght ext.at to upriad allell tlrecl tor adjuat:Mnt ot guu • 

.At .my ot the aaapllq poa1t10D&, wpor ••plea were 
take at elew.tiou 1, 2, u4 4 te81:. 'fbe reaulta at about half ot 
the ~~taplin& poli tiona ehowd a hi pr ..apor ooaMBtn.tioll at eleT&tioaa 
ot 1 and 2 teet tluiA at 4 teet, but at the raaill.illg ••pliDg poaitiou, 
the reTene wu tne. !he -npor oODoentn.tioll recorded at the 1cnrea11 
ele'ft.tioa in the oaae ot. aoh poai tioa aapled, waa uaed ill tigurin& 
percentage• u4 1n .Uillg up Cba ~ 1. 

(b) lour Hour Period BegianiDI Olle Hour After 
lfter Kdils &aaiCI. 

latt.ated .aD oaaualt1ea at tour poa1tioll8 outside ot the 
tal-get area, tor tbl tour hour period begi11111llg one hour after tiri:ag 
oeaaed, are gi~ 1R table 11. Saapliac poaitiona and percentage eatiaated 
man oaaualtiea at ••Plin& poaitlou are ahown on Chart; 6. 01 tbe tour 
aaaplias poeitiou, H, ll, Q, ad u, poaitiou H ad :U: aaow4kl podtiTe 
renlta. !heae rea\11. ta aaow tbat penouel, w1 th gaa auk protMti011 
ot iaprepaW olot:tW:ac would autfeJ"":~ouualtiea troa BS -.apor it atationed. 
tor a period ot three or tour houn, tea or tweat7 ;yarda clowmri:ad troa 
the illpaat poaition, om hour alter tiriDC ceued. 

e. Enaated Caaualtiea Baaed on lttecta on .Aniaala. -
Jaial oaaue.ltiea NUl eatiated an o ... ualtiea baaed on 

e.f.fecta oa aaiaala are recorded 1D Tablea 12.A to lf iaolulin. .Alao 
uaiul podtiou, anJwl ouualtiea ud eetimated .an cuualtiea, baaed 
on etf'ecta on aniMla, an ahom on Charta, 1, 7, 8, 8, 10, 11, 12. aad 11. 

( 1) on the !ar&et s,a. 

(a) liri!f Periocl and Pollowig i'c Jlilwtea. 

latiatecl aan cuualtiea, Whc IWl 1a protected with gaa 
••k onl)r, due to etteota ot expoaure oa the target ana during the .firinr; 
period and te atnutea are gi'ND in Table• 12A ud 12B. J'rGJD. the w•l 
oaau&ltiea it ia ea1;1ated that wn caaualtiea would be ~- bued on rata 
and 19% bt.aecl on goata, or 2. bued on rata aDd goata. 
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(b) rtriag Period and following Hour. 

Eatiated .a oa•ualtiea, whu .an 11 proteoted with 
gaa ••k oW.,, due to etteota ot ezpoaure oil the target area during the 
tirillg period Nld tollo11'1Dc hour, are g1 ftl1 1D !able• l3A and 13B. 
Fro• the Nls.-1. oaaual tie• it 11 eati•ted that JUD. oaeual tiea wuld be 
26% baled on rata aad. a&,C ba~ed oil goa'te or Sl" baaed Oil rata ud goate. 

(o) four Bov Period t~ 2nd to 8t.h Hour 
Mer nijg. 

leti•ted -.n oaeualtiea when JUD. 18 protected with gu 
ma.ak only, due to etteota ot expoeure oil the target area during the tour 
hour period tollowiDg the tirat hour after tiring oeaaed., a:re ginn in 
Table• l.U and 148. froa the anial re1ult1 it 11 eatiatecl that -
oaaual tie• would be 2~ baaed on rate aDd 11% bued oil goat a, or 1"" 
baeed. Oil rat• aa4 SP&tt. ~ poeitiona ot the aat.al• ezp01ed. clicl.not 
oonr all parte ot the targn area, but tald.D& into oouideration the 
poaitiou ot the buret• a• ehcnm on Chart ~. the area on whiob the &Dial• 
were 1Dolu4ecl wae probably repre•eutati n ot tbe entire target area. 

(d.) fwe~·tour Hour Period Bel!!!1!g Fin Boura 
;rttVrtriJij ~ .... ea. 

i:etiaate4 an ouualtiee when UD 11 proteGted with gu 
-.ale oD17, d.ue to etteotl ot upoeure on the target ar• during the 
24 hr. alter tiriDC eeued, are giva in !able• l5A ad. l&B. Froa the 
anial ouualtiel, it ie eeti•ted that -.n caeualtie• would be 813% ba1ed 
on rate end 25% baled oil goat•, or 6?,< baeed on rate u4 goats. !he area 
on whiClb the cblal• were upoeed ae e.howa oa Chart 10, did aot illolwle 
the whole tarcet area, but takb.g into oouideration the position ot the 
iapaota, the etteot on tbe ar• oonred by the aniale waa probably repreaa• 
tati n ot the anrage BS etteot on the entire taraet area. 

(2) !9•ure ill Shell CJ'&tere. 

Eatbated un oaiUalti~• wben au ie proteGted with gu 
•lk only, due to etteota on Diaala expoaed in ahell oratera tor a period 
ot 24 hr., are g1Ten ill 'fablea 16 ad 11. froa the an1al renlte, it 
11 eetiatecl that it the. i11paot area 11 oocupied by penoDBel protected 
with gae •* only for a period ot 24 hr. begizmiD.g 48 hr. atter tiJ'i.ag 
oeaaed, oaaualtiee would "nl-t, but no cuualtiee would p:robabq reeult 
it oooupied niDI day• after ti~. 
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(a) Dowllw1D4 troa the Tar&et ..... 

(a) Pir1ag Per1od ud Following Four Hours. 

Aai••ls expoe eel down•ind. troa the target area at positions 
sbDwn on Chart 1, showed BO oasualties. This was partly due to a ahitt 
in the wiad direation ud alao to the etteota ot oonftotioa air aurrezata 
ao that a high Tapor oonoentratioa waa aot produoed at the poaitioa ot 
the doliiXWilul aDiaa.la. 

t. -
(1) Firi!§ Period aad Follow!¥ T• lrimltea. 

Ill tul• Jo. 21, 11bioh follows, eatiaated DID oaault1ea 
are g1 vc tor M.oh. 20 P• aquue baaed on tat following etteota aDd ..thod 
ot t1gur1Ag oaaualtiea, when aaA 1a proteoted with pa •at oaq, aad 1a 
apoaed 1a the target area during the tir1J11 period and tollowi»c ten 
minuteaa 

(a) 
(b) 
(o) 
(d) 

BS liquid using peel clata. 
liS npor from n.por ••plea. 
Ccabined etteot ot BS lituid ad BS n.por. 
Etteota OD aiaal.a •. 

Figures ill thia table ahow that 1~ oaaual ties would be 
produced on 5'1%. ot the area, baaed on the ooabiDid etteota ot BS liquid 
mel ftpor, aDd 26% baaed on etteota on uiala, or about •• baaed on 
the awJ"&ge ot the two ..thoda ot figuri.Dg ouualtiea. 
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tur Area zo ooo .,. {4. 
(F1riy Pedod 8Dd rofiow§i rea Ki.aut••) 

lo. otafiiPactuiS 1i!f!ida Q ftior aBS liquUaifteeG oa aD &lid &idMI1 
atake nrith1.a alatG&'"teC:ta o.t.•liti•teda&Dd_!!Rorali&ll aldi•Gd .a o&l• 
at o .. each a-.n ouu•nalue.._ oa•u••ia'E!idelaH.aua1•naa1tiea wMIL pro-
t.r otaaquare a &ltiea 1 aa1tiea 1-.n _.,.., tiel •ateote4 with pa 
a quare a 1 a a aal tiel'" 1 •••t oaly 

I I~ I I~ I~ 1J I J 
1 
s 
6 
7 
9 

11 
23 
26 
27 
29 
Sl 
33 
46 . ., 
49 
61 

• '.63 
66 

I 0 I 0 I eO I 0 I 0 I 0 I . 0 
I 0 I 0 I .0 I 0 I 0 I 0 I 0 
I 0 I 20 I eO I 0 I 20 I 0 I 0 
I 0 I 20 I eO I 0 I 20 I 0 I 0 
I 0 I .0 I e02 I 10 I 18 I 0 I 0 
I 0 I ~ I e02 I 10 I 81 I 0 I 0 
I 0 I 0 a eO I 0 I 0 I 0 I 0 
I 0 I 0 I eO I 0 I 0 I 0 I 0 
a 0 1 0 1 .01 a 10 a 10 1 0 a 0 
1 0 1 0 a .01 a 10 1 10 a 0 1 0 

0 1 1S 1 eOl a 10 a 21 a 0 a 0 
I 1 I 64 I .02 a $0 I 81 a 0 I 0 
I 0 I 0 a e01 I 10 a 10 I 0 I Q 
1 0 1 0 a .01 1 10 1 10 a 0 a 0 
a 0 I 0 I e01 I 15 I 10 I 0 a 0 
1 0 1 o 1 .oa a zo a so a 0 1 0 
1 0 a 20 a .02 1 10 a 44 a 0 a 0 
1 0 1 67 1. e02 a 30 I 74 aEzS Sewre 1100 

61 I 0 I 0 a .01 I 15 I 16 I 0 I 0 
69 I 0 I 0 a e01 I 16 I 15 a 0 I 0 
11 I 0 a 1 I e02 I 10 a S6 I 0 I 0 
1S 1 0 M 1 .02 a 30 I 64 1ER Mode I 0 
7& I 0 I .0 I .10 I II I 86 I 0 a 0 
77 I 0 I 64 I e10 I 9S I 97 I 0 I 0 
88 1 0 1 0 a .01 1 10 1 10 a 0 a 0 
91 a 0 I 0 a e01 I 1J I 16 aE Jlocl. I 0 
93 I 0 I 1S I e02 t 10 I 39 a 0 I 0 
96 I 0 a 38 I el0 a 10 I 44 I 0 a 0 
97 a 2 1 64 a e30 : 100 1 100 a 0 a 0 
19 I 2 I 76 1 eiO : 100 a 100 1ELS Death 1 100 

111 I 0 a 0 I e01 I 10 I 10 I 0 a 0 
113 a o 1 1 1 .ol 1 15 1 21 aR Licht1 o 
111 I 0 a 38 I e02 I 10 I 67 I 0 a 0 
117 I 2 I -66 1 el6 1 100 I 100 1ES Light I 100 
119 I 2 a 66 I eSO a 100 I 100 I 0 0 
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!able l'o. 21 (Cont'd.) 

lo. of1IIiPaote1d ~uid 1 DS ftPOI" aBS liquid ali'teete on an end alala 
atake 1'rithin alet ttiaa o.t. 1iittiiiited1Nld vaforami 1Eat1atect -.n oaa• 

at OeD-1eaoh .-an O&IU•1'ftlueaan O&l\l•IBat~edle&lu&l•IUaltiea when pro-
ter ot 11qua:re I a1tie• I I altiel 1.-n oa1u• 1 tiel • 1tectecl w1 th gaa 
•suarea I I 1 altiee" I :-•kp I I it I I !I I J I ~ 

121 ' 6 I 93 I eSO I 100 I 100 1ESL D•thl 100 
113 I 0 I 0 I .o1 I 10 I 10 I 0 I 0 
155 I 0 I 13 I .oz & 30 I 39 I 0 I 0 
1!7 I 1 I 51 I e04 I 60 76 ' 0 I 0 
139 I 1 I 67 1 .ao I 100 I 100 1ESL Death1 100 
ljl I 0 I &1 I .M> I 100 I 100 I 0 I 0 
lj3 I 6 I 90 I eSO I 100 I 100 I 0 0 
155 I 0 I 0 I e02 I 10 I so I 0 I 0 
167 I 0 I 1 I .o2 I so I S6 I 0 I 0 
159 I 0 I 29 I .Of I 60 I 66 I 0 I 0 
161 I 1 •a I eiO I 100 I 100 1R L1cht1 0 
161 : 0 I 62 I .ao I 100 I 100 I 0 I 0 
166 I 1 I " a eiO I 100 a 100 I 0 I 0 
177 I 0 I 0 I e02 I 30 I so I 0 I 0 
179 & 0 I 29 I .02 I 10 I 51 aiL D•th1 100 
181 I 1 I j7 I .04 I 50 I ,. I 0 I 0 
183 I 1 I 18 1 e20 I 100 I 100 1)zS Severe 1100 
185 I 1 I 66 I eSO I 100 I 100 I 0 I 0 
18'1 I 0 I 6S I .10 I 93 I 91 I 0 I 0 
199 I 0 I 0 I .oz I ao I 10 I 0 I 0 
201 I 0 2j I .oa 1 j3 67 I 0 I 0 
203 I 0 I 76 I .10 I 93 I 98 I 0 I 0 
206 I I I 92 ... so I 100 I 100 1i2LS Death alOO 

207 I 0 i6 I e30 I 100 a 100 a 0 0 
209 a 1 I 79 a .20 a 100 a 100 I 0 I 0 
221 I 0 I 16 I .o2 I 30 I j() I 0 I 0 
223 I 0 I 60 I .oa I jl I 81 I 0 I 0 
22& a 0 I 80 1 .oa 1 '' I 100 I 0 I 0 
227 I 2 I 96 I .sa 1 100 I 100 1ES Mo4.: 100 
229 I 1 I 90 I .as 1 100 a 100 I 0 I 0 
231 I 0 a 65 I .10 I 91 I 9'1 0 I 0 

Total aDd per-
centage1 , •• 2 ' I 48e1 I 67.0 I 18 I 26 

•See page 11 tor oode ot 1~11, lilted UDder th11 ooluan. 
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The &Terage peroentagea, aa gi ftl1 1D 'fable JJo. 21, 
are baaed on effeota on the total target area. which 1D.ol\ldea about 
10,000 aq.yd.. on whioh there was Tery little or no etteet troa the 
BS due to wiDd direction and d.iatribution ot the ahell. In Table 
Jo. 22, which tollowa. reaulta are given to iaclude only the blpaot 
area &a defined in paragraph 8 b. 

lo. ot 1tuea 
at center ot 
20 yd. aqure 
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9T 
19 

llT 
119 
121 
1ST 
138 
1~1 
1.0 
169 
161 
163 
165 
181 
183 
186 
187 
203 
201 
20T 
20& 
226 
221 
229 
211 

f!:ble lo. 22. 

1lattmated .an c&aualtiea WEen .an i• 
~~teeted ~th &&• -.ak oD1y 
I ea oa us liquid IB&aed OD el'teeta on 
tQCI T&por ••plea a 
1 ~ a 
I 100 I 

I 100 I 

I 100 I 

a 180 1 

I 100 I 

I fe I 

I 100 I 

I 100 I 

I 100 I 

I 86 I 

a 100 
I 100 I 

I 100 I 

I '14 I 

I 100 I 

I 100 
I 81 I 

I 98 I 

I 100 
I 100 I 

I 100 I 

I 100 I 

I 100 I 

I 100 
a 9'1 I 

I • I 
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100 

100 

100 

0 

0 

0 

100 

0 

100 

0 

100 
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lsttaated oaaualties, liven iD Table lo. 22, are baaed 
on an area ot 10,000 aq.7d• oa which 32 shell were etfeoti "• The 
tipres iD this table ehow an average ot 98% man ouu.lties, baltld on 
the etf'eots ot BS liquid &lid ftpor saaples ad 6• bued on the etteota 
on anima~a. or an average ot 1~ baaed on the two .. thoda ot figuring 
caaualtiea. 

(2) 7iriD& Period .nd Following ROQr. 

In Table lo. 23. which follows, .. tia&ted MA oaaualtiea 
are given tor eaoh 20 yd. aq. baaed ou the tollowizag etf'eota t.IUi metbod. 
ot tiguri.D.g oaaualtiea, when IIIU1 protected with gaa auk only • 11 ex• 
posed on the target area during the tiriag period ad the tollowi.Dc 

.hour. 

{a) HS liqulcl uaiDc panel data. 
(b) B8 n.por ti'OJA ftpor .. aplea. 
{o) Coabi.D.ecl etteot ot B8 liquid aD4 HS -npor. 

Piprea iD thil table ahow 100% eetiated oaaualtiea 
on 5~ ot the area, baaed on the oOilbined etteota ot HS liCJ'lid ancl 
npor • and ~~ bued on ettecrba on aaiala, or aboat ._ b&aed on the 
average ot the two uthoda ot fi&uring oaeual till. 
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Table lo. 21. 

T&r&et Area 201000 •i·~· 
(FiifDi Periof aaa foJiowt;; Hour) 

lo. ot aiapaGta aBS l1Q!id a BS 'ftf! aBS ilqiild ait'leota on -. and 111!Mia 
stake nrithill alatimateda o.'£. ala'E tida&Dd ..alor1litlil&l aEitia'Eed -.n caa-

at oeu• aeaah aaan caau·a~uea.an oaau-alat~edacaaual•a•a1t1ea when pro-
ter of aaqll&re a a1t1ea • aa1t1ea a•D casu-a t1••• ateoted with p.a 
•iuare a • • • • &lt1••" • aaak onlz 

I I J • • J • • • ;t I !1 
1 • 0 • 0 I o0 • 0 I 0 I 0 I 0 
3 I 0 • 0 I eO I 0 I 0 I 0 I 0 
6 I 0 I 20 • .o I 0 I 20 I 0 I 0 
7 I 0 I 20 I eO I 0 • 20 I 0 I 0 
9 I 0 I fO I o02 I 30 I 58 I 0 I 0 

11 I 0 • 45 • o02 I 10 I 61 I 0 I 0 
21 I 0 • 0 I .o I 0 I 0 I 0 • 0 
26 • 0 • 0 I .o I 0 I 0 • 0 I 0 
27 • 0 • 0 1 .Ol2a 16 • 16 • 0 • 0 
29 • 0 • 0 I e0l2 I 15 I 16 • 0 • 0 
11 I 0 • 13 I e02 I ao I 19 • 0 • 0 
II I 1 I 54r I .o2 a 10 I 61 • 0 I 0 
4r& I 0 • 0 • .0121 16 I 16 ali Lighta 0 
4.7 I 0 I 0 1 o012a 16 I 16 I 0 I 0 
4r9 I 0 I 0 I .oua 16 I 16 I 0 I 0 
61 I 0 I 0 • o061a 62 • 12 I 0 I 0 
53 I 0 I 20 I .051a 62 • 70 I 0 I 0 
66 I 0 I 67 I .oe a 80 I 93 I 0 I 0 
67 I 0 • 0 a o012a 16 I 16 IE Jfod. • 0 
69 I 0 • 0 I .0121 115 • 16 I 0 I 0 
71 • 0 7 • .0121 16 I 21 iBR Lighta 0 
71 I 0 I u a .0671 62 I 16 • 0 I 0 
76 • 0 • fO 1 o067a 62 I 77 • 0 I 0 
77 I 0 I 64. I e12 I 100 I 100 I 0 I 0 
89 I 0 I 0 a o016a 20 I 20 I 0 I 0 
91 I 0 I 0 I o016a 20 I 20 • 0 I 0 
93 • 0 • 11 I o026a 4.0 I 4.8 I 0 • 0 
95 I 0 • 18 I .a. • 60 I 69 I 0 I 0 
87 I 2 I 64r I o-'0 I 100 I 100 aiLS Deatha 100 
99 • 2 I 76 I .4.0 I 100 I 100 I 0 I 0 

111 I 0 I 0 • o016a 20 I 20 •• Death& 100 
113 I 0 7 I o027 I II • 18 I , 0 I 0 
1115 I 0 • 18 I o027a 33 • 68 I 0 • 0 
111 I 2 I 45 • .173a 100 • 100 I 0 I 0 
119 I 2 I 65 I o1711 100 I 100 aSE Lipta 100 
121 I 6 • 91 I o70 I 100 I 100 I 0 • 0 
123 I 0 I 0 a .ol2a 16 I 16 I 0 I 0 
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Table ••• 21 (Cont•d.) 

lo. otai:ap.ctaaBS }!!ida DB aor aBS l1qul4altteita OD an aDd an!Mla 
atake nrithia aLi ;a, e.'t.altilllteClaaact~oramt aletiiated man cas-

at oen•a•ch a.an oaau•a'ftluea-.n auu-aie~edacaaual-a ualtiea when pro-
ter otaaqure I altiea a t alt1ea .-a oaau-a t1ea• ateoted with gas 
•:=area • • a a altiea a maak onlit 

a I • • • • • • • • I • 135 a 0 a 11 I e026 a .0 a t8 a 0 a 0 
137 I 1· I 51 I e06 I 60 I 76 I 0 I 0 
1!9 I 1 I 67 I .10 I 100 I 100 t 0 I 0 
1,1 I 0 I 61 I • .0 I 100 t 100 aB2RS SenrealOO 

l'S ' a 90 a e80 I 100 I 100 a 0 a 0 
166 0 a 0 I .o2ea .0 a .a ai L1ghta 0 
157 0 I 1 a .o&&a 61 a II I 0 I 0 
169 0 a 29 I .o.~. til a ea I 0 a 0 
161 1 I '2 a o.O I 100 I 100 I 0 I 0 
163 0 a 82 a .sa 1 100 I 100 aS Mod.. a 100 
166 1 a " a .sa i 100 a 100 a 0 a 0 
177 0 a 0 a e028 a .0 a .&() a 0 a 0 
179 0 a 29 1 eo.6a 61 I 66 a 0 I 0 
181 1 • '1 a .04r&t 51 a 76 aiR Senrea 100 
181 1 a as t .&8 i 100 I 100 a 0 a 0 
18& 1 a 85 a .68 a 100 a 100 aERS SnerealOO 
187 a 0 a 63 a .&8 a 100 I 100 a 0 I 0 
189 a 0 I 0 1 .026 a .0 I .0 I 0 0 
201 I 0 a 2' a .a. a 50 a 62 I 0 a 0 
203 a 0 a Tl a .eo a 100 a 100 aiJUi Severe alOO 
206 I I t 92 I .eo a 100 a 100 a 0 a 0 
207 I 0 a " a • .o a 100 I 100 a 0 a 0 
209 I 1 I 79 a .2& a 100 a 100 a 0 a 0 
221 • 0 a 1& a .o26a .0 a .9 a 0 a 0 
223 I 0 I 60 a .o&la 60 a 80 a 0 a 0 
226 a 0 I 80 a .o&la 10 II 100 aEzRS Senre alOO 
227 a 2 93 al.60 a 100 I 100 a 0 I 0 
229 I 1 I 90 al.IO a 100 a 100 aLB Deatha 100 
231 I 0 I 86 a .16 a 100 a 100 a 0 I 0 

!otaia 
ud 

An. I 52 a s•.z a I &&.1 &9.6 I '" I 31 

41See page 11 tor code ot aYJDboll 11ated under this oolu.D. 
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Per oent eatiated caaua.ltiee, baaed on the HS oonceu
tration, aa obtaiJLed troa BS liqUid and Ta.por a-..plea, given in Tablea 
21, 22, &Dd 2S, are about double the per oent oaaualtiea, baaed on 
e.f'.f'eata on aniala. Eatimatea baaed on etteota on aniMla, were Tery 
conservatively -.de and are probabl.J low. 

~· Iuaber of Shell Retuired to Produce 5~ Man Caaualtiea. 

In the present teat, the i.paota are aegregated to too 
great an extezrt to deterai.De the aiuiw:aw nwaber ot ahell requirecl, uder 
the preniliag aeteorologioal ooD.ditiou, to produce 50% oaaualtiea. 
'fhh 1a iD41oated by the fa.ot that on aoae twer&t7 yard square•• aa JI&D1' 
as tour or .f'iTe ahell burst whereas one ~ have been 1utfioient to 
produce 1~ oa.aualtiea. It the exoeaa abell had been d1atributed 
to other parte of the area, additional oa.aualt1ea would p:roba.bly haTe 
been produced. It would probably be t.practicable to diatribute the 
shell oTer the target to produce uxi- etteota ud tla present te1t 
is probabl7 repreaeutati n of average distribution in praotioe. 

It •• stated in para.gn.ph 8 o (1), that about 26 lhell 
diltributed per 100 yd. aq. will procmoa 60% Maualtiea troa liquid HS 
when .a:A i 1 protected with gas ••k oJ11¥. 

Froa figure• given in fable 22, it wa1 eat!Mted that 
the illpact of S2 abell on a 100 yd. aq. wOQld produce 96% ouualtie• 
based oa e.f'teota ot BS liquid and vapor aDd 6- baled on etteota on 
animal•, when expoaed during the tiring period and tollowing ten Jl11tvtee. 
On this baei•, the following nwaber of ahell per 100 fd• sq., will be 
required to produoe 60% ouualtiea wbn an ia proteoted with gu ••k 
only a 

Baaed on HS liquid ad 'ftpor aaaplea • 17 ahell 
Baaed on etfeoi:a on &DiMll • SO " 

Av •• -,r " 

Baaed on the two m.etha:la of figuring caaualtiea, about 
25 a hell dbtri bu.t~ are required per 100 7ard square to produce 6~ oaa• 
ual tiel, whm an 1a proteoted w1 th gas JU.I k only. 

9. CoDoluaiollB. 

i'l"OII the reaulta ot tha preaent teat, the following con
oluai ona are drawn with respect to the use ot l66~111n. howi t&er a hell, 
tilled with BS, when tired. under the me-teorological conditions which 
existed at the time of the preaent teata 
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a. When •n 1e apoaed on the 1ape.ct ar.a during the 
!'iring period ai'd toll<JII'ing tc aizmtea, the ma'ber ot abell required 
per 100 Jd• aq. to produoe ~ oaaualtiea when diatribated as equall7 
as pract1 oable, are as tollon ' . 

(1) When.- h protected with p.s ••k uui 
staudard 1apregoated clothing - 71 ahell (aee page 20). 

(2) Who lall is proteoteci with ga• ••k oJll¥ • 
24 ahe11 (aee page sa). 

b. It the iapaot a:rea is oooupie4 'bJ penonnel. 
proteoted With gu u.ak on11. within -48 hr. atter be1J11 ahelled, 
oatualtlea will result (tee page 26). 

•• Penonnel protected with ge.a _.k only, atatioDed 
downwiDd. w1 thiA 85 74• troa the poaition or W~pacrt 4urlng the tiring 
period and direotl7 atter, will autter ouualtlea tl'Oil the veaia~nt 
etteota ot BS wpor (IH page 21). 

10. ieooameDdat1oaa. It 11 reoom..Dded that thi• teat be 
repeated ad an atteapt bi •4• to obtain better 411tr1but1oa ol the 
t.paot1 on tbt target area. 
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!ned bJ hh ) 
Sept. 26, 1832) 

-:56· 

Reoo.eJld.ing approval a 

ili.ttJhArles E. Loucks, 
S I. fbUCU, 

Captain, c.w.s., 
CIU.et, lluD1 tiona ])eftlopMDt Di 'ri.lioa. 

/s/ E. llontgomery 11 

I. Zm81!', 
Jfa.jor, c.w.s., 
teobnioal Director. 
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:S4'HERY 11011 eudill.as .U!ILLIRY 
fort Hoyle Maryland; . 
May 24, 1933., 

M~~N~ :•- TO- The Technical Director, ·zdge•ood Arsenal 
Md. 

In compliance with instructi91i.e contained in letter to 
Commanding General, Ft. Hoyle, concerning Mustard Gas Shoot _ 
of l55rn.'!! SQwitzere rtanned bf this battery the fol10"'W'ing report 
is submitted: · 

B • C • ' sCommands 
Oompaee 3208~0n 11 
~,Shell Mustard Gas 1 

Gharge S,Fuee Long, 

El.ev .. Sensinge ·Re!I15.rke .• 

/F1, l~d. 

f/r2 , 1Rd 

3 Rde · 

1 Rd 
~f2 :>:c_r:C Bcse 

11'3, l Rd, 

lf3 :-:~e.rk !-lase 
f4 , ·1 Rd 
Left lC, 

Left 5 
'lfl, 1 Rd. 

272 
2'30 

290 
310 
330 
320 
315 
31:3 
311 
311 

~11 
Def. .t3 A.dj'.H>t, 

311 
310 

Def,f;4 Adjuet 
310 
31S 
310 
310 
310 

300 Left Short 
70 II II 

300 
80 

~50 
180 

90 
80 
10 

Left 1 Short 
H II 

Rifha,O!er 
II 

II " If 

tf If 

OOD ( 11 out 
to repair 
BreP.chb1ock 

40 
Line 

80 
" " (Rotating Band Cc":':e off) 

60 
3~) 

Ri:;ht,Over 

II 

II 

It 

II 

? Short, Def Short 
L i ne " 11 

" DUO 
25 Rifth, C'·ver, De:f .Over OOD 

l:G Left, Sh':l!'t,J'(#4 mark B.D. 
80 Ri .:;lll t, Ove r 

8 tf II Def.OK. 310 
Elm )F AnJUST~ . .-WT. 

FIRE FJ?. EFFBUT. 
Ec-.se Def. Rig-ht 45 on ?f1 Cpen 5, 
Ba.tter~r 6 Res 31G 3 Overs, l Si1ort 1 DUD 

-1-

I 
,I 



310 2 Overs, 
310 1 " ..al8· B u 
310 1 It 

310 ' 
II. 

I Rds 307 0 If 

307 2 ,, 
307 ~ II 

Right 5, 2 Rds 
313 3 If 

313 3 II" 

1 Line, 1 Short. 
3 " ~ l .. 
3 " 1 It 1 DUD 

1 T 3 "(This e1ev. 50 yds 
short of centeT of 
i:npact.) 

2 II 

1 T, 3 " 
' 

1 "(Tnie e1ev.50 yds over 

1 It 

Capt. 6tn.F .A. 
Commanding. 

center of i:npnct) 

on 
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REPOR! 

OF -
!IS! or BB•J'ILLID 166--. HafiTZER SHELL 

TEST B • JUIE 11, 1832 

1. f}jeot. !he objeot ot this teat wu to dewraine the 
n\Uiber ot --. hmtser shell tilled with HS, whioh is required in 
open o:nmtey under the m.eteoro1ogioal ooDd.i tio.u whioh eXietecl at the 
tiae ot the teat to procluoe &0!( oaeualttee, requirins eft.ouation tor 
hoapitalisatioa. 

2. .Autlloritl• Th11 teet wu ooDduoted 11Dder authority ooataiDed 
ill 3rd IDd.oneMnt trca the otfioe ot tbe Chiet ot Ol'dlumoe, WUhingtoa, 
D.c., Oot. 22, 1931, to ONn&Doe Ottioer, Eclsnood Areual, Maryland 
(G.O ·T~7666J CWS ·T~211J EO •Tl.l/698. 

3. PreTioue Testa. A teet W&l oanduotecl on February 16 and 17, 
1932, in Wliioh 16 e)lell tra eaoh ot tour lots ot ehell, repr .. entiq 
the shell ueed 1Jl the preeent teet, wre tired troa eervice weapons 

to detel'llille it tbe shell tu~ioaecl nozw.lq, but no att•pt was -.de 
in the teet to detel"'liDe the gas concentration set up. A seoand teat 
was oollduoted on llq 23, 1932, in which 40 shell. were tiN4 tor illp&ot 
on a target 100 Jd.• wide by 200 yd. deep. !he etteoti ftDees ot the 
gas ooaoentratioD set up 1D this test wu deteraiMd by (1) etteet oil 
anillala, (2) 'bJ use ot paper panels to detendne pattem procluoed by 
liquid BS, and (3) by the use ot T&por aaplillg -ahillee to detei'Jiiu 
'ftpor oonoentratia. lroa a prel1aia&17 atudJ ot the resul ta ot thia 
test, it .... eatia ted that it would require about 26 shell per 100 
yd. sq., to prod.uoe 6(7,( casualties, when un is proteoted 111 th gu -.ak 
only. 

•· Materials Uaecl. 

a. Shell. The shell ••eel in tbl present teat, were the 
Jlk. II, 161'-... hOritser tilled with :as. They were taken troa War 
Resene at Edpwrood .Arsaal and repreeeut a lot which were tilled at 
Edgewood Al"se.oa.l 1D the years 1921•22, tor sbipaeat to the Hawaiiaa 
Isl&Dds. !he BS used in tilliag the shell was troa War Reserve 
and wu probably ade by the Le"t'iuteiD process. 'l'he wi4 used ill 
till1DC the HS ilrto the shell is aot kaowD., but was probably about 
10%, based on the aaxilul wl'Wie ot the shell. 
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b. Boo1ter. The bo01ter \lied was the Mk. VIB, which oon-
tailled a lNr1t1Dg oh&rge ot 29 g. ot tetl"11 ud 2&1 &• ot TIT. A ri1ual 
ez&lliu.tion ot the boo1ten, a1 a11•bled ill the lhell, 1howed tbat a 
large peNntage ot tha were illproperlJ 1eated. Ia the oa1e ot lome 
ebell, a1 .aD¥ u leTR or eight booster thre&dl .... ,.. e:q~o1ed. 

o. Fuae. The tu.&e 111ecl 11&1 the Ilk. III, lUper quiok point 
4etomati~t.ae:---

4. haber ot Shel.l i•ed• Fol"tf ot theee shell, a1 taken 
trom etoelCia liar L•ene, were u8a tor adju1~t ud tort,y tor etteet. 

e. Bowitaere U1ed. A batteey ot tour 166--. bawitaen wa1 
u•ed wuler-oc Iii! of Cap'E8ln lf&allahon ot the 6th Field -'"illery. !he 
politiGD ot 1:he howitzer• .... on •c• field ill the 'ri.oiDi'Q' ot ooordiaate• 
690.4, 1869.1, a1 1h01m on the 1p•oial Jlilitaey •P ot Gun Powder leok, 
prepared UDder tbe direetioa ot the Chief ot lngi:aoer1, u.s. u.,, 1921. 

6. Tar&et ••• !he target area ... , reotaD.gular, 100 ;rd.. wide 
bJ 200 74• d!-e1• the area wa1 looated 1Jl open oountr;y oowred with weeds 
and grus l•lf2 to 2 tt. hip. The Qget&tion on two-third• ot the ana 
ftl light 'INt h•"fJ on the raa1A1ng third. !he area. located on "B" 
field ..... ia the "rioilli~ ot ••rcU.aate• 1&0.6, lea •• o. In prepadag 
the area it wu di Tided iato tc J&:rd aquare1 b7 plaaing BUIIberecl stabs 
at teD 7ari. 1Jltenal1 • Paper puel1, 1aapl1:a& maohi:ae1, and mi•ll were 
plaoed on the area to deteraille the ltteati.ene .. ot the p.1 oonoentration 
•-' •P• Chart l aooollp&D1ing thi• npol't, 1howe tbe target area aa it 
.... prepared tor tbt teat with poaitiou ot aial1, panell a.d uapliag 
MoAl.ae•. 

a. Method ot Coabaotp.c the Te1t. After acljueuent ot 
howitcera,-the •heli tor eHeG'E 'INH tired u zoapid.l7 a• poadble with 
ohange i:ll elention tor equal diltributioa ot impaata o'Yer the target 
area. atter eo~~pletiag the tiring ot tb8 1hell, the paper panel• were 
oolleated tor tabulation ot re1ult1 and the aat.als on the target area aad 
at politiou dCJinllliDd. troa the 'target area, were r-.o'Yed at definite periods 
and replaoecl by other ani-.1•. .ll1o duriDC the tirillg period. and the 
ani.Ml expo1ure period•, npor 1..-ple• 'INre taken with the u•e ot field 
•aapliac .aohi:aea. !he aet.nlo,ioal data wa1 recorded duriDg the 
period ot the te1t. 

l• J'irb& ot Shell. 

(1) ~ut.ent ot Bowitaon. !he hclw'itlers were adjueted 
1:ll parallel on a targ abou'E tm ,a. eu'E ot the target area, udag 
40 shell tilled with HSe Adju1tact tiring wa• troa 'Ta22 a.a. to 8a29 a ••• 
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Dariq adjustment tiri~, tin duds ad throe low order burata were aotod. 

(2) FiriDG tor .lt'teot. WbeD tiri.Dg tor ottoot, the 
howit&era were ranged In pkrallol on the target area uaing two ole~tions. 
OM halt ot "t.lll shell wore tirecl tor t.pact on a line 60 yet. beyOilcl the 
center ot the area and the balenoo tor blpaot on a line 50 yd. ahol"'t ot 
the oentor. 1'ho range was about 5,100 yd. Firing tor ottoot started 
at 9a06 a.a. and oiMted at 9al6 a.m., a period ot ele"AD llb.utes. Ot tho 
40 shell tired, OM W ·ADd wo low order burets wore noted. A photo• 
statio oopy ot a ••oradwa dated Au&U•11 ~. 1932, to t.b.e too1ulioal 
.Diredor ti'OJ& tho Battery COJI!Imldor, giriDc tho tiri.Ag data by rouad ia 
attaobecl to tbia report. 

(1) ~ana. 1'he poaitiou ot tho iapaote are ahatm on 
Chart 2. Ot tho .Oll tired tor etten, 11 regbtored em tu target 
area and tho remailling nino within 60 yd. ot the edge ot the tarpt ana. 

o. llo'tleorol~ical CozuUtioDI. !he toll-.:l.ng aeteorolopoal 
oonditlona-preft!led au~zag thl tlriug period and. tho period• tollowiiLg 
duriDC whioh Tapor .. aplea were taken and aablala wore upoaod on tbe 
target ai'M.a 

• 6/ll/32 Date 
fi• • 9a06 to 9a28 

Air t•peratvre, Of • 
Ground t_,na._r,, OJ'. 
GroUDd oODdition 
Relati n aamdi v, % 
WiDd wlooity, a.p.h 
WiDd direotion 
Slq 

-
• ---

.!• Liquid BS. 

68 
88 to 92 

dry 
66 

&.a 
n 

olear 

a.a. 
• 6/ll/32 
• 9a26 to 10al6 

• 68 to 12 - 92 to 100 - dr:f - 66 to 62 - '·a 
• I to Jl - oloar 

• 6/11/32 
a.a.• 10t16 a.a. 

to 2a16 p.a. 
- 12 to 11 
• 100 to 110 
• dry 
- 150 
- 3.0 
•EtoStoW 
- ba&7 

(1) Siao ot Li9!id BS Dropa. Tho distributian ot liquid 
BS waa rogiatortd by aeau Ol paper paaoia eight inohea by eight inohea, 
plaoecl tlat OA the grou!ld at oaoh stake position owr tho atiH target 
area. !he palls ba'ring dropa in oxoeaa ot o.o& ag. are tabulated in 
tho tollowiDC tabloa 
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lo. of drop• 
per paul 

1 
2 to 10 

11 to 20 
Onr 20 

Table Jo. 1. 

Siae ot BS Dropa. 

1 lo. ot Foeh oliulHid 
1.06 to1l ~~.1 to a1.61 to10.er 
a.l r· a.l ~1.0 ... a.o .. .a.o •• 
I I lt t1 0 I 0 
I 2S lS I ' I ' I 2 
1 6 Oa 21 0 1 0 
I 12 1 I I 0 I 0 

Total paula ha:rlug dropa ot .o& lll• or greater • '9 
" " apoe ed oa target area ..Z28 

(2) Batiaated Man c .. ualtiea traa Liquid BS. 

(a) Man Proteoed with Gaa Maak but Without the 
frotiOtla 0t Lireea¥ cij§. 

The paper panel• were tabulat.cl tor cleui*7 ~ p&tten:a 
ud!JC the CftdiA&• heav. aecUua. lipt and traoe. .A. photoa'bat ot the 
scale u1ed 1n grading the panel• ia attaohecl to thia report. !he panel 
gl'&dillga are tabulated in the following table • together With eatiated 
lll8ll oaaualtie11 

Table lo. 2. 

lati.Mted. MNl Caaualtiel OD Target Area fi'Oa Liquid BS. 

'••I 1 Puela oia .. l'ltii! I l1t!Did8d -..ked - -·-pattern1 lo. aJ ol &'Iii I ualtiea 
I 1011 target I 

I I area I 

I I I I 
Beav I 8 I a. a I a.a 
llecU:ua I 18 I a.a I '·' Licht I " I 19.1 I llo4 
!race I 62 I 2Te2 I 16.3 
lfo BS I 96 I I 

Total &G 
ATI. I 228 I 68.:5 I 43.6 
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Froa panel date. given ill 'fable lo. 2 • it h estiated that persODnel 
exposed oD the target area durizl« the tiring period,. protected With 
gas ma.ek only. would sutter about .. oaaualtiea, it th8f are dia
t:rJ.buted. The poaitioll ot ahell crJ.tera ad eetiated -.n. casualties 
trom liquid RS are shown graphically on Chart 2. 

Jlote 1 The eetimated 11811 ouualtiea as g1•en in Table 2, above,. 
are baaed on eatiat .. tumiehed bJ the Protected D..elop•nt Di viaion 
ill ... orenclua ot October 22, 1931, to the l!lniineering Dinaion, aa 
follower 

Panel 
pattem 1 

' I 
Hea'V)' 1 

Media 1 

Light I 

1'raoe 1 

1atiiited man oasualtiea through 
standard issue ot uniapreguated 

clothis 
J 

(b) 

100 
100 

80 
60 

1lan Proteeted w1 th Gas llaak and StaD4ard 
!apreipated ciothiig. 

The paper panela were tabulated tor nuaber ot HS dropa 
on panels 1A which the drq~ size waa in exc .. a of 0.6 It&• The reaulta 
ot the tabu.lation, together with eatiated - casual tiea, are gi?en 
in the tollowing table1 

Table Jlo.s. 

!be of 1 lo. otr Ltliited an oaaualtlea When 
BS drop a r panels 1 protected w1 th gae -..k md 

1 standard +:rreff:ted clothing 
Ill• 1 1 per puei aeat re W area 

.a to l.Oa 11 1 4.0J' 1.8% 
O..r leOt 8 I 10Cf 1 2•; 

Total 1 if a a 1._ 
Total nuaber ot panele on area • 228. 
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FrQa panel data given in Table lo. I, it il eatt.ated. 
that per1011J18l proteoted nth , ... ••k azul ltandard imprepted olotbi"', 
would 1uffer 4.6% ouualtiea by effect• ot liquid BS, it expo1ed with db
tl'ibution on the target area, durillg the tiriD& period. 

lotea fhe per oct ••tina ted B8J1 oanal tiel g1 ftl1 in the last 
oolwm ot Table Jfo. 3, is baaed 011. laboratory te1ta by' the Proteoti ve 
De-velopaent DiTiaion, the re1ult1 ot which are given ill m.-crandua of 
Atlgut 6, 1911 to tbe Teabnioal Director. These t .. t. BhCIII'ed that 
liquid HS penetrated two l~er1 of standard protective clothing &Dd 
produoed oa1ualtie1 as tollaw1a 

BS drop• 0.5 ~. in 1i1e • 
n • o.? • • • -
W n 0e8 II W W • 

. . 

.f.()% -.n oaaualtie• 
80% • • 

lao% • • 

be Batiaated Man Ca1ualtie1 froa HS Vftor. Sampling uohinea 
were ple.oe'! to take vapor 1 amp!ee at podt!ona lii4 oated 011. Chart 1. 
In eaoh of tbe tablee which follow, repreaeDtillg different aa.pling 
periocls, the ••Plbc politiOIUI u1ed are delipated.. The HB 'ftpor 
oonoe.utratioa, o.t. value, md per oct .. tiaateci :maD euualtiee, aa 
••timated from the ftPOl" concentration, are al1o included in each of 
the tables. 

Tbe o. t. value 1a eta&l to the upor OOI'loentration iD. 
Ddlligraaa per liter ttme1 the expo1ure period ill .tnut••• Batt.ated 
man ca1ualtie1 are based on the c.t. 'ftlue uaing the valuation ourve 
given on Graph 1, attached to thi• report. The per cent e1tiated 
man casualtiee in the following table• repre1ent man protected with 
gas u.ak, 'but without the protection of illpregnated clothing. 

(1) On the Target Area. 

(a) FirinG Period Plu1 Ten JU.nute1. 

!able JJo. •• 

Seapli.llglllnatioa1Vol. ot 1Saapl1ng1 B8 1Vapor 1 o.'E. 1Eatiil&ted. .n 
podtioa1 ot 1air •~aperiod a••pled looncm. t~lue1oaaualti .. wbea 

' aa:mple 1 pled I I I I 1-.n 11 protec:rted 
I I I I I a awith -u maak only 
I K. I litera I 1&. r mg. ~.ji. r I o 

G I 0 I 690 I 17 I 1T.l .. 290 I •• 9 I 100 
I I 1 I 130 I 21 I 665 a.0089 I .19 I 100 
L I 1 I 680 I 20 I I 0 a 0 I 0 
0 I 0 I 822 I 2t I •• o a.oot9 I el2 I 100 
p I 0 I 776 I 23 I 0 • 0 I 0 I 0 

A'Y• 60 
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(b) Fifty lliDute Period Startiag !• Jliautea 
lt'ter firin& Ceued. 

Table lo. &. 

Saaplingailew.tioa1Vol. ot 1Saapllig1 d 1Vapor a o.t.1litlm&ted man 
poaition1 ot 1air eaa-a periocl 11aapled 1oonon. I"Nl.UeiO&aual tiea whe 

1 aaple I pled I I I I 1UA 1a pzootecte4 
I I I I • I 1with gu IIUk oalz: 
I tt. I iltere I &. I a,;. cq./1. a I " G I 0 I 1860 I 62 I 16.T a.0084 I •" I 100 

X I 1 I 1770 I 61 2.6 a.001oi I .0121 T4 
L I 1 I 1860 I 62 I o.a le()()()4, I .o2 1 30 
0 I 0 I 8T2 I 61 I z.9 a.0031 I .16 I 100 
p I 0 I 18M I 66 I 0 I 0 I 0 • 0 
F I 0 I 1762 I 60 I 6.7 a.0038 I el9 I 100 

AT. 67.1 

(o) Fir1D4 Period Plua ODe Hour. 

Table lfo. 6. 

I..Plliiillie'dtloaa'til•t',OfiSUipi&C I Jfii 1 Vapozot oe't.aB..tbated -.n 
pod tiona ot 1&1!" ...... period lla&p1eclaoCIIlon. n•1u•aoaaualt1ea whe 

I a•ple I p1H I I I • IUD is protected 
I • I I • with ~U u.ek OD.~ 

• A. a il'Cn a liLi4l • -c· a-c./1. 
B • 1 • 1664 • "' • 16.'7 a. OleO ·"' 100 ., I 0 I 1762 • 60 I 6.7 •• ooae .19 100 
G • 0 • 2f60 I 18 I 32.8 a.OlU .ea 100 
( ' 1 I 2600 I T2 • e.o a.0036 .26 100 
L • 1 I 2f90 I T2 • o.s a.OOOI .02 so 
0 I 0 I 1699 ' T6 • e.t a.OOil all 100 
p • 0 I 2669 I T9 t 0 I 0 0 0 
s I 1 • 2890 I 82 I 0 • 0 0 0 
! I 1 I 2960 I 86 • 0 I 0 0 

AT. 69 
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(d) Four Hour Period Be&inninc One Hour 
l!ter Firing Ceaeed. 

'fable llo. 7. 

SampllngaEle.ationafoi. ot tSaaplinga !tB aVapor a o.'E. alatblatid :man 
poaitiona ot 1air aaa-a period aeaapled 10onon. nalueacaaual'tiea when 

a ••ple I pled a a I I a-.n il protected 
I I I I a a :with ju maak o~ 
I tt. 1 litera I iaii. I II&• aag./1.' 

F I 0 I 8460 I 2-10 I 1.4 le0004 t .oe I 87 
G I 0 I 4260 I 238 I 8.2 .. oo11 I ... I 100 
X • 1 I 8240 I 237 I 1.9 .. ooo2 I .0& I 58 
L I 1 I 4220 I 232 I 0 I 0 I 0 I 0 
0 I 0 I 8060 I 218 I 4.4 a.0005 I .11 I 100 
s I 1 I 8340 I 229 I 0 I 0 a 0 I 0 
p I 0 a 7660 a 227 I 0 • 0 I 0 a 0 
T • 1 I 8140 I 224 I 0 I 0 I 0 I 0 

Stake 601 1 I 4d0 I 266 I 4.6 1.oo1o I .25 I 100 
~ " I 2 • 4dO I 266 a 2.7 le0006 I ell I 100 

" tt I 4 I MfSO I 256 I 0,4 .. ooo1 I ,02 I II 

(e) l'our Hour Period a Daz Foll~ 1'11"1!5• 

Io auplea were taken on aooount ot rain. 

(t) l'our Hour Period on Second D!f Follwwl;y 

fli#i· 
Io a.-plea were taken on account of rain. 
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(2) Don.wizM1 traa 2!faot ..area. 

(a) :.:1,r1n1 Period Plue One J:lour. 

Table lo. a. 

S•pi!Di alie•ti-..Yo1. ot 1S•pl1Dg1 BB a VjJitr a o.i.1letlii£ect .u 
poaitiODI ot 1air ...... period 1eu.pled 1oonca. aftlue 1 oaaual ti• wben 

I aaple I pled • • • I a-.n 11 proteGtecl 
I a I I I I nri th ,... ••k oa!J 
I A. I 11\or• a iiii. I ... aag.)l.l I J 

A I 1 I T82 I 46 I e.o .. ow I .62 I 100 
" I 2 I 

II 
I " I 1.2 a.0016 I .o1 1 13 

" I 4 I • • " I 0 I 0 I 0 I 0 
! I 1 I nos I 60 I cs I 0 I 0 I 0 
• I z I " I • I 0 I 0 I 0 r 0 
• I 4 I • I • I 0 I 0 I 0 I 0 
J I I I 1zio I ri I 2.1 leOOlB I el! I 100 
• I a I " I • I 1.0 ~.oooe I oOfiT1 64 

" I 4 I • I • I 1.2 1.0010 I .0121 Ti 
I I 1 I 11!7 I li I 0 I 0 I 0 I 0 
• I z I • I • I 0 I 0 I 0 I 0 
• I 4 I " I " I 0 I 0 I 0 I 0 
I I 1 I 1282 I '' I 1.8 loOOII I .11 I 1oo 
• I 2 I .. 

I • I e.& 1.00fl I .a& I 100 
Q I ! I 11!6 I 71 I 6 1.0 I 0 I 0 
" I 2 I • I II I o.-~: a.OOOS 1 .0241 S6 
" I 4 I .. 

I " a o., a.OOOS 1 10241 S6 
i I 1 I 1m I &i I 1.6 ~.ooot I eOiTI ., 
" I 2 I .. I • I 1.0 a.0001 I o06T1 64 
• I 4 I • I • I o.e ~.oooe I .0481 58 
v I 1 I 1471 I II' I t.o lo0007 I .01 I 16 
• I 2 I " I • I •• a.0006 I o04 I 60 
• I 4 I " I " I leO a.OOO'I I .06 I 66 

lote1 The poeiticme ot eaapliAg ••IU.D.•• are thOWJ1 em Chart 1. 
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(b) Four Rour Period Be~iDDi!l Oue Hour m.,. flrlzy; eeuea: 

Table lo. e. 

Sampliagailew.tiouafoi. of aSaaplinga IS 1 Yapora o.'t. alstiiiitd an 
poaitioa1 ot aair • aa• a period ••-.pledaoouon.a~ue1oa•ualtiea when 

1 •a~~ple • ple4 I • • . d8ll ia proteotecl 
I • • • 1with •• auk oa 
I • • Ill•, .. ,. •• • 

I I 1 • 2«) I 0 • 0 I 0 • 0 
" I 2 • • I 0 • 0 I 0 • 0 
• • ' I • • • • o •• a.OOOl •• 02 • ao 
H I 1 • •286 • 2ii • 0 • 0 • 0 • 0 
• • 2 I • • " • 0 I 0 • 0 I 0 
" • ' I " I • I 0 • 0 I 0 I 0 
J • 1 I •tio • IS¥ I o., •• 0601 I .01 I 10 
" • 2 I • • " I o •• .. ooo1 • .oz I 10 

" ' • " II 0.4 a.OOOl I o02 10 • • I I I 

I 1 I i226 I 212 I 0 I 0 I 0 I 0 
• I 2 • II • " • 0 I 0 I 0 & 0 

" ' " • 0 I 0 0 0 I I I 

zSI 
I • • I I 1 • iOB6 I • l.b a.OOCSZ61 .01 I IB 

" I 2 • • • • I loT a.O()C.)ftla .10 • 81 
Q I 1 • SilO I 22'1 I 0 I 0 I 0 I 0 
11 

I 2 I " • 11 
I 0 • 0 I 0 • 0 

• I ' I • • • 0 • 0 I 0 I 0 
I I 1 • 41fo I iii • o.e to0001 I .oz I so 
" I 2 • • I • • 0 I 0 • 0 I 0 
" I ' • " I 

II 
I o •• a.OOOl I !02 10 

t1 m;o I 

I 1 I I 22i I 0 • 0 • 0 • 0 
" • 2 • " • • • 0 • 0 I 0 I 0 
" I ' • " " I 0 • 0 I 0 I 0 

Bote t The po•1tiou at which 'Yapor .. aplea wero taken are ahown on 
Chart l. 
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o. Battaated ~ Caaual~ie• Baaed on ltfeo~• on Aniaal1. -
AaiMl• were placed on aDCld. OlfD1ri.J:ld troa the targe~ area 

to tietendu etfeot ot ~he ga• conoatration 1et up ud how long the 
HS perlieted on ~he impact area. The pod~ion ot ~m animals u exposed 
during the 'ftriou• exposure perioda 11 1bown on Chart• l, 7, 8, 9, 10, ud 
11. The mial oaaualties ud eat~tecl -... oaaualtie•, are giqn ill 
~he table• which follow. The :un ouualtie1 are •ti•tel -.de by the 
lledical 1l.eaearch Dhi.lion who ob1ened aD4 a~ud1ecl ~he etteota ot ~he 
BS on all ud.aall ezpo1ecl. B1tiaated JI8Zl oasualtiea troa the effect• 
on mt.all are 1hown on Chart• 12, 13, 14, 16, and. 16. On the Charta 
&I nll u in the tablee which follow, the following symbol• are u1ed 
to de1ipate ~he nature ot the uial ouual't7 a 

L • Groll patholog of lung. 
R - Re1pira~or,y eympta.8. 
S • ll'irat dog~clk:1n lMI'Il • 

S2 • SeooDd • " • 
s~ - third • • " 

E • llaple colljunati'ritil. 
Ez - Purulon~. " 
Ji' • IDjuey by 1hell trapen~. 

(l) ~ ;~,et u,-,.. 
(a) Pirin& Period and the ll'ollowieg Tc Minutes. 

Daring the firing period. aad tollowilli ta llinutea, 
18 ra til and 16 coa~e .. re e:zpo1ed on the target area. .&.Dial ca1ualtie1 

·and eatili!Ated man oasualtie1, whea JUn h protected wi.~h gu aek onl)", 
are tabula~ed below. The podtion ot the mimala is shown on Chart T, 
and e1~iated .an casualties are 1hown OR Chart 12. 
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!able Jo. lOA. 

Posi 'bi on a ia:ture a Severi'ij' a R..arb a18ttaate4 oaaua!t!ee 
ot I ot I ot I awhen JU.D. ia pro• 

a take aoaaual ty' a ouualty a a'beoted with gae 
I 

' I itS 
a 

'' • EB2 
I 

96 I itS 
I 

116 I m2 
I 

~== 
I It I 

25 I EL 
I 

I 89 iR I 

1i I D 
I 

'' I IS 

lll m2 
• lit • IR 

D6 • ts 

:: §gj I :; • 
I 

209 I m 
I 

.A.ppendix C 

I I raak Oil~ 
I DMth aBUI'U on teet. CaBUaltJ bu 16 
I I am. I 

•• Sewre aBUme on teet. CaeualtY iia 
I I 12 b.n. I 

a Death aBUrna Oil teet. Cuuait; lila 
I I 2' bra. I 

I Death ahme Oil teet. &auaiti ina 
I 4 hra. I 

I DN.th a~U\l&~ ~n ~ hl'ae I 
I Death a ru on " • Cuualty laa 
I I 12 hl'e. a 

AT. 

Table Bo. lOB. 

letill&ted Man Cuual'biea Baaed on Ette• 
on GOa'Ea. 

a Death aCaeual'by 1D 12 hl'a. Death I 

I a iJa 8 clafi• I 

a iOdera te aduual ty 12 hre. 
I • aLma Oil bOdy. Cuualti Iii 
I 

Light 
I 1a 4 hn. I 

I aBUme on bodY• Caeualti' in a 
I 12 hra. a 

Senre 1Burne on body and nose. I 

a casualty in 6 hn. • • f>iith aDeaili on uea. • Light aBuma on bOCI;r. Caau&lt, ina 
I •• 24 hn. • 
I iOderate a ~aualti ~ll 4 lira. a 
• • a ru onOdi. Cuualti lila 
• • 12 hra • I 

• D•th aCuuait7 in 6 1\JOa. Bum• I 

o:a bodJ. Death in 3 day ... 

- 12 • 

1001' 

100% 
10<$ 

II 
!$ 

!i)6i,£ 

106 
106 

too 
lOO 

160 
io6 

lOg 
1oo 

AT. 66" 



(b) Firing Period ad the Following Hour. 

During the tiri!lg period aDd toll owing hour, 16 rat• 
and 17 goats were exposed on the target area. An1.al casualties 
IJld estimated DiaD caaua.lties where aan 11 protected with gat .uk only, 
are tabulated in Tables llA and llB, gi~n below. The position ot the 
a.n1•ls 18 Bh011D on Chart 8, ud the poaitiOD ot eat:lmated man o••ualties 
11 shown on Chart 13. 

1s ILS 

ill a IRS 
I 

1115 I IL 
Ds s:s 

I 

169 I ILS 
I 

I 

Appendix C 

'fable Iio. lU. 

B•tiaated If& C&8ualtie• Bued on lfteots 
on Gt •• 

a 
aBurna on eet. tr a 

a a in 12 hre. 
a • aBurn• on teet. Cuual'Ei a 
I I 1a 4 ArB • Det.th 111. 4 dae I 
1 Ked1ua 1Bums on teet. Casua!ty 1 

I • ill. 4 hre • • 
I Death aDeath in 4 hre. I 
1 Med{ua 1BUr;EBi on teet. Cuualty1 

I iA 12 hn. I 

I Death 1Biim• on teet. culi&I'Ey I 

I a in 12 hre. Death in 4 I 

I I dap. I 

- 13 -

ioo 

16o 

lOO 
ioo 

ioo 

AT. 40,t 



Table Jo. llB. 

l1ti.ated Man Caaualtie• Ba•ed on Etfeot• 

Positiona iature 
ot I ot 

•take aoaeualt 
I asz 
I 

il I liS 
I 

I§ I IRS 
I 

§a I Iii 
I 

l!3 I IS 
I 

lit I iLS 
I 

11'1 I Ei8 
I 

181 • Ia 
221 • ILS 

I 

225 I s 
I 

229 I I 

OD Goat•• 

: Severity I R-rlal 
I ot I 

I 

aBama on bod.J a:a.d noee. I 

I 1 C&1ual y in 12 bra. I 

I D•th 1BUru on bodJ'. Casualty I lOO 
I a 1a 6 hr•• Death iD 9 clap 
a Senre a BUrna on e ara • C&aual v a 100 
I I 1D 4 hra. I 

1 iOde:re.te a BUm• on bOdy. Casualty I 100 
I I 1D 12 hn. I 

a ioderate aLl"111 oD boq. Ca1uaiti I lOO 
I I iD 12 hra. I 

• Death aliirna on tHt &iid :A 1 16"0 
I aCuualtx 1D 6 hn.=jhdl.,p 
• Severe aBuru em bod.J• Ca•ua1tr • 100 
I a 1D 12 hr•· I 

a Seftre 1&:iua!ty iD i lin. • 0 
I Death aBv.raa on •n aDd bOCij. I lOO 
I 1Ca•ualy in 4 hr•. I 

I Liihi aBal"DD on 'body. Cuual{y I 106 
I I 1». 12 u.. I 

I ilOCien.te aCuu&ity ii 12 hre. • 0 
Av. '* 

(o) Pour Hour Per1o4 BepDDing OAe Hour Atter 
JG=Iii, ae .... a. 

Dur1nc the tour hour period bei1nn1Di one hour atter 
firing oeaaed, 16 rata and 9 goats were expoaed on the target area. 
IDi•l aa1ualtie• ud estiJated. :aan ouua1tiea, where an 1• proteoted 
with gu -•k onl)r, are tabulated in table• 12.! aad 12B below. The 
poaitiou ot tlle ui•ll are 1hown on Chart 9, and position ot eati•ted 
... e&IUaltiel ia IAown OD Chart 14. 
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!able 5o. 12A. 

Eati-.tecl lla.u Casualties Baaecl on EtteR. oa rm. -
PoaitioZLI Nature a Se"Nrity : k .. r& 1latimated oaaU&itlea 

ot 
a take 

It 
fl 
fB 

!II 
111 

1!6 

I ot • ot • 1whc an ia proteote4 
IOaa•l;!la oaaua.13: • 1with pa aaak oag 
1 I a iiOderate 1Ce.auaitz; ia 6 hn. I 0 
I 

• • 
I 
I 

• 
I 
I 

s a • aBu.ru on tHt. cuual v I 100 
I • ia 15 hrl. • 

I a acuuii tz; i:a 4 hn. I 0 
IR I 

L1~ 
• W I W I • ma 

IS 

IS 

1 Moderate ai\irna on teet. C&auait1 I 

I I 1JL 4 hrle • I • aBUrna on teri. ca,ualty • • a b 12 hrs. • ATe 

fable Io. l2B. 

Estimated Man Caaualtiea Baaed on ltteGta on 
GOata. 

100 

ioo 

2$ 

(d) tnat:r•tour Bour Period BesiJmias F1Te Hwra 
D'&r1'ins caaid. 

Duriag the 24 hour period begi:ani».g ti•• houn after 
tiring oeaaed, eight rata aDd tour goats wen expoaed on the tarset area • 
.AD.ial eaaualtiee cd esti•tecl •• oaaualti .. , where an ia protected 
with ,.., •aak only, are tabulated 1a 1'ablea lSA a:ad lSB, pTen below. 
Ani.al poaitio .. are ahown on Chart 10 and eati.ated man oaaualtiea on 
Chart 11. 
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!able llo. lU. 

Eatt.ated Man Caaualtiea Baaed on ltfeota an Goata. 

haitlon1 lature I SeTeri\i l .... r& aEatli&ted oaauiltiea 
ot I ot I ot I rwben .a is proteoted. 

•tat• taaual![a oa•wp; a aW11:h ~ ••k olllz: ., I 8 I £I iii tBUrDI an bOdY ad$ 
l.U I ll I • :a I 0 

I }y. • 
!able Io. liB. 

latiated. Man Casual tiea Buecl on lff'eeta on Rats. 

I Liifit 1 

(e) . !wta;tour Hour J1oaure in Shell Crater• 
( oa rd 15., ltter iriy. 

Dul"iDg the 2' hr. period begiDniDC the third day atter 
tiriDg. ae..,.n rata and one goat were expoaed on the target area 1D 
shell oraten. lai•l eaaualtiea re1Ult1ng and eatillate4 an caaualtiea. 
where liUU'l h proteoted with gaa ••k onl.7 • are tabalatecl in table• 
l.U aud 1-'B• which follOWI 

latl!tted MaD eaaualtiea Bued on Etfeota on llata. 

Poai\1on1 lature I WilE a 
ot I ot I I 

•tate 1oa.aual 
I 

I 

I 
I I 

I aiOdera'te I 

: I I ilih§ I a 
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!able :to. 141. 

latt.ated Man C&aualtiea Baaed on lffeota on Go&ta. 

Poeitioaa lature • Senriti• 1-rbi aEeti•ted caa-
ot • ot I ot • aual tiea when -. 

a take • oaaual'tJ t caau.ltya till proteoted with 
I a I •i•a .. k •17 
I iz 1 a;derateaiUina on bOCG'. I i66j 

(t) 

During the 24-hr. period bepu1ng the aiDth day atter 
firiAg, ae"ND rata ad one goat were apoaecl on the target area in ahell 
orater•• .Aaia.l oaau&ltiea reaulting aa4 eati•tecl an OUGaltiet, where 
.u. ia proteoted with gae -.ak onl.7, azoe tabulate4 in !able Io. 16, whioh 
tollowat 

!able Io. 16. 

Eatt.ated Man Caaualtiea Baaed on ltfeota on Bate. 

lature ot a Sewi'iij • 1-rb ala\t;&';a eaaualtiea 
caaual•a ot I awh• 1m1 ia protected 

~ a oaeualty I mth , ... ••k onlz 

~ I ~Ji= a!!ru on~·~· oeatll in 1• Iii=. : ~~ 
I I • I I I 100 

B I • • • 100 
B I 

I I I 100 
B I • I • IRS 
IS • I I I ICRS 

!he goat expoaed WIIUI not a ouual ty. 
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(c) ,t•r Hour WUN 1a Shell Crater• 
oll!§!•§h §' I" fid#i. 

DQrillg the 24-hr. period begilllli.Dg 'tibe thil"'teenth day 
atter firillg, leTa n.t1 were expoaed Oil the target area 1D ahell 
oratera. ~1 oaeualtie• reaul'tillg and eati .. ted maD caaualtiea, 
where an il protected with gu ll&lk only, are tabulated ill Table No. 16, 
whioh tollowaa 

Ea'tiima'ted Man Caaualtiea Ba~ed oa Btteot• Oil Rata. 

lature otaSewdty ot a mrlli alai!iitid oaauaitiee 
... 1ualt7 a oaa.altf • awhu. un ia protected 

• I awi 1;h e• _. k ODly 
II I Uiiit • • OJ 
RE I • • • 0 
L • Death a.De&1:h in 2' hr. • 100 
I • L1fllt • • 0 
IS I • I 100 

(h) tw-:zt•tov Hour E:l:poavre i:a Shell craten 
.. §_ .... 'Eea.§h w-m.r !iffiii· 

Durinc the 2j-hr. period 'begi:mrl.n& the leTcteenth da:y 
atter tiri.J!&, 1.-nn rata wen expo1ed on the target area ill an.ll craters • 
.Animal eaiiU&ltiN reiUlti.llg aDd eati•:t.d. -.n <eaual'tiea, where lUll 11 
protected with gu •Ilk olllf, are tabula ted ill Table Jo. 17, wb1 oh 
tollowaa 

tule 1o. lT. 

latiated Mu1 Cuu.ltie• Baaed Oil 11'teot1 oil Rat•• 

latve ofaSneritJ ota 
oa1ualt,r a oaaualt,r a 

I I 

I • Ll&ht aCuual\i &n r-.oftd 
• a troa area • 

s I • 1Di£to. 
s I • abi££o. 
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I iOOj 
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( 2) Downwind troa Target !£!!• 

(a.) J'iri!g Pel"iod eel i'olloring Four Houra. 

Eisht rata and tour goats were expoaed at poaitionadown• 
wind from the target a.rea during the tirin& periocl md the following 
tour houra at poaitiona shown on Cha.rt 1. JDimal caaualties resulting 
and estimated :an ouualtiea, lt'here man 18 protected with &&• -.ek 
oalyt a.re tabula.tecl in !able• liA mel lBB. which follow. !he poaitiou 
ot the mlale, aDd oa.aualties a.re ahown on Charl: 11 md the poeitiou 
of the estimated man oaaualtiea are shown an Chart 18. 

!able Io. lBAe 

Voai\ionalaiure ot Se~eflt.f ofa 
ot aoa•ua.lty oa.aualty 

laaiG 1Ltliiitid oa.•ualtle• 
111hD .a is protected 
awith gaa ••k only stake I 

2U I • tiiht Caau&i• a J:OtM 
I 

• I 

I Jill OD • • Ca•u• -• 

' II! in 6 hr. I 
212 I IRS iOderate 1 ru 011. tea. Canal- • 106 

I ~ 8 loro I ;: I : IJ.f! lJ I :;:D:1!! J:J. 'i;.uai-: 
I ·~ 1a 8 hr. • :!!I I 
,. @en:te aJftal§ la 12 lit• I 1645 

!able lo. l8B. 

Batiatecl Man Cuualtie• Baaed o:a Effeota on Goats. 

I • 1 !enre 1h~• on b$• I 

• 1 Jlod.erate 1 1 I 

261 I i JIOdere.\e ' 1 * * 1 
I 100 
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a. DiiOUIIion. 

a. Shell Diltribution. !he ahell were tired tor equal 
dbtribution of &pacta oTer the entire target ar•. Ot the 4:0 shell 
tired tor ettect on the target, 31 regietered on the target area., one 
ot whi.oh •• a dud. !he oratera produoed by theee 31 1hell were all 
within the ar• ot 16,800 aq.p. which h about 84% ot the target area • 
. bide troa the impa. ot1 on the target area., there were a even additional 
illlpaote withia a diltanoe ot •o yd. trca the edge ct the target area. 
OBly two ot these 1hell were at all etteoti'ft on the target on acoount 
ot wind direction 111d direction ot tire. !he poaitiou ot the ehell 
oraten are ehown on Qlart 2. 

b. ~act ~ea. !be muaber ot ant.al po1itiona included 
within the-im.pa~area •• •2, and aince each anial wa• located on the 
center ot a 20 yd.. aq., tor purpo1e1 ot dilcu•aioa the 1ile ot the i-.paot 
area ay be regarcled •• 16,800 1q. Jd• !he aniaal po•itiou on the 
impact area ad muaber ot :lllpaote on eaoh 20 Jd. aq., are giTen in 
!able Bo. 19, wbioh tollowu 

fable lo. 19. 

!!fact Area (16,800 •9•zd•) 

§take a\ eeater ola Iipaotl Withill tS'Iib at o•ter1fiililota W!Wi 
2o Z!!• •5• I 20 ~· •i• :ot 20 s· •i· I 

20 z:· 'i• 1 I 0 I 

3 I 0 • 97 I 0 
6 I 0 • 111 • 1 
7 I 0 I 111 • 0 

21 • 0 • 116 • 2 
25 I 2 • 117 • 1 
27 0 • 113 • 1 
28 3 • 116 • 2 

" • 0 • 137 • 2 

"' • 0 • 139 t 1 
•s • 0 I 116 • 0 
11 • 1 • U7 • 2 
51 • 3 • 169 I 0 
67 1 • 161 • 1 
69 • 0 I 17'1 • 1 
71 • 0 • 179 • 0 
71 I 0 • 181 • 1 
76 • 3 I 199 I 0 
89 I 0 I 201 I 1 
81 • 0 I 221 • 1 
91 I 1 I 221 1'ot~1 

0 
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~· Estimated Man casualties from Liquid HS. 

(1) Effects of Meteorological Conditions. 

The only meteorological factor having any effect on the 
size of the area covered with liquid HS. by the burst of a single shell. 
is wind v-elocity. .An increase in the wind 'Velocity will result in 
an increase in the size or the area sprinkled due to the liquid drops 
being carried in the direction of wind travel to a greater distance. 
On the other hand. a decrease in the Wind velocity will result in a 
smaller area being contaminated by the liquid HS due to the liquid drops 
not being carried so far by the wind. 

(2) Protected with Gas Mask but without Proteotion 
ot Impregnated Clothing. 

Results from paper panels given in Table No. 2. show 
that personnel exposed with equal distribution on the target area during 
the firing period. would suffer about 46% casualties from liquid HS when 
protected with gas mask only. The percentages given in Table No. 2, 
are baaed on the entire target area which includes about 3.200 sq.yd. 
on which there was l1 ttle or no effect from liquid HS. The figures 
given below, in Table No. 20. are based on results on the tmpact area 
only (16,800 sq.yd.), as defined in paragraph 8 b. Thirty-one shell 
bursts are included within the impact area. -

Appendix C 

Table No. 20. 

Estimated Man casualties from Liquid BS on Impact 
Area {16,8oo sq.yd.). 

:Panel zPanels contaminated aEstiJnated masked man 
ftatterna No. a Per o~t a casualties 

eavy 1 8 5.S a 6.$ 
Medium 1 19 12.6 a 12.6 
Light I 44 29.1 I 23G3 
Trace a 61 1 40.4 1 24.2 
No HS 1 19 12.6 • 
Total a151 ioo I 65.4 
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If Sl ahell distributed will produce 66 •• ouualti• 
troa 'tl!le etteota ot liquid BS oD an area ot 16 .eoo aq.ycl., about tour
tea a hell diati"11N._e4 per 100 ;yd.aq., are nqaired to produoe 6- OU• 

ualtiea wbeD. an 1a protected with cas ••k Olll.Je 

Ia fable Jro. 19, tho lllUI.ber ot abell bunt• are p"t'eel 
tor eaoh 20 )'d. aq. inolwied withia the iapact ana. !he tigurea ill the 
table ahow aa .uiJ ae three ahell banta on acae ot the 20 yd. aq. 1 

whereaa one in the upwizad part ot the equan would U.w probably produced 
loa% oaaualtiea. It the two a44itiou.l ahell bad bee tiatributed to 
otb.er parta ot the area. it ia probable that eatiated -....ltiea would 
b.aTe been creater aDd ahell req•ire.enta to produce 60% oasualtiea would 
have tigured alicbtly 1•••· 

(S) Protected. with Gu Jluk ad standanl l!prept.ed 
~~!'!!I· 

Froa reaulta gi"Nn 1JL Table Io. s. it 11 eat~ted that 
peraonnel protected with gaa -.ak azu:l ata:adard. illprepated olothinc. 
exposed with distribution on the tarcet area dul"iDg the tiring period 
would autter about '·"' ouualtiea troa liquid. HB. !hen were a-.e part• 
ot the tarpt area, hcnrever, on which there waa little or Do etteet troa 
liquid BS, due to wDd direction ad. podtioa ot iapaota. Ill Table •o. 20, 
whiob tollcnre, peroatagea are baaed. on etteota on the illpaot area 
(16,800 aq.Jd.), aa det1Ded. ia paracraph 8b, oa whioh there were 11 iapaota. 

Appea4i:z: C 

!able Io. 21. 

Eat1M.te4 »a:a cue•• tro• Liluid. BS em 
fiij)ad _ {D ,800 • _ •ld· f 

PUlela aiiOWtq IS iro~ a~tliited ..a ouUltin Wh• 
in ao••• ot 0.6 !I• a..a i• proteoted. with gaa u.sk 

Sbe ot d a lo. of aUld. lt&Ddard 1aprepated. olothiag 
drop• a paula a 
IIC• a a a illpaa't area 

• 6 to l.Oa 11 a • 2 •• 
Onr 1.0 a 8 a a s.e 

Total 8.@ 

Total paula on illpaet area (16 ,800 aq.;yd..) • 116. 
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It U ahell diatribfted OD all ana ot 18 1 800 •t•f4• will 
produoe &.6% oaaualtiu, when man ia proteatecl with gu _.k ud at&Ddard 
t.pnp.ated olotldag, it will require about 1~ ahell cliltributed per 
100 )'d.aq., to pro4uoe &~ oaaualtiN. 

!• .latiaatecl llaa Cuua1tiea troa lfS V9or. 

(1) Kttena ot Keteorolof!oa1 CoJldi tlo... A theoretical 
diaoaaaion ot the etteot ot ~orologloa ooaditloB8 on tbe ~or oon• 
oatra.tlon aet up, 11 gl,... 1D report ot Teat A, ooacluetecl on llq 21, 1812. 

Dtlring the preaa.t teat, tM &rcnuad. teaperatve wu 88°F. 
to 920J'., the ei r taperature waa 880J'., aad the 1liJMl Telooity wu &.~ a.p.h. 
!heae ooD41tiOil8 were ta"f0rab1e to aet up a 1104erateq hip T&por oonoen• 
trt.tioa OD the tarpt area. !he groUAd t_,.rature ftl about 20°F. hiper 
thaD the air t.peratltre howe'Yer, 10 that OOD'Yeo'tion air ourreuta were aet 
\lP• !lda theomioall.J' reau1ted. in the upward tranl of the BS n.por ao 
that Mteorological ocmcl1tioDI were uataTOrable tor the buildiza.c of a hip 
ftpor oODo•tration outlide of the area ooatelduted. Witla licpicl BS. 
t'b.eoretioallJ, the ,.por o011oea1iration aet •P clowmrind troa the target area 
we.a.,Mtaa gnat aa it would haTe bee with the .... w1D4 oonditiou, if 
the uat bad bMA held. after 11men, when there are ao etfeota troa oon• 
ftatioa air curreDta. 

(2) Vapor Conoatrat10B Bepired to Procluoe Jlaa C&aualtiea. 

A cliiCNIIion of the ezpoaure periocl requirecl to produce 
un ouualtiea fro• BS ft.JOr ie giT• ia !Mt •A•, •l!fol"t of !eat of .HS 
Filled 16&.._. BGiritser Bull !I, ocmdun.4 -· 21, leal. 

(a) On the !arfet Area. Bat:lated. JUil oaaualtiea OD the 
target arw. '·" troa the ell'eota o HS -Por tor the ditteret a:poeure 
periocla, are tablll.ated in Table• lo. ' to T, laoluiw, aad rNulta are 
ahcnm em Charta a to 8A, 1Dolua1Ye. 

(a) Firing Period uu:l Followiag !• Jlimate~e 

Prom the reaulta of Ta.por a-.ple• p'hll ia Table lo. '• 
repreaeniag the tir1Dg periocl aat tollowiag teD ainutea, it 11 ea~iatecl 
that -.n 111 t1a the proteniOD ot gu ••k ODlJ would autter about ._ oaa• 
ualtiea froa etteota ot BS -npor. !!aia ea1Wu.te d ia baaed Oil the rNulta 
ot ~por ..-plea taken at fi'Ye clitter~t poaitio .. on the tarcet area. 

App81LdU C 

• za -



----··--·-········---·-········. 

In the fifth column of Table No. 22, which follows, estimated vapor 
casualties are given tor each 20 yd. sq. on the entire target area. 
The figures as given in this column are estimates based on results 
obtained at s~pling position, the position ot nearest impact, and 
the wind diredtion. Estimated vapor casualties tor the total target 
area, figured from estimates on each 20 yd.sq., are 64%, which ver,y 
closely checks 60%, the estimate, given in Table No. 4, representing 
results at five sampling positions. 

The per cent estimated casualties for each 20 yd.sq. 
as given in the fifth col\UDJl of Table No. 22, is shown graphically 
on Chart 3. The shaded araon the chart represents the percentage 
ot the area on which 100% casualties would be produced from HS vapor 
when man il protected with gas mask only. The per cent ca1ualtiea, 
as ahown on Chart 3, are based on the effecta ot 31 ahell. If 31 
shell distributed on an area of 16,800 sq.yd. will produce 64% cas• 
ualtiea by effects of HS vapor, it will require about 16 ahell, dis
tributed to produce so,-~ casualties from HS vapor, when man is protected 
with gas mask. The above figures do not take into consideration the 
effect of liquid BS, which is also present and will cause additional 
caaualties. 

(b) Firing Period and Following Hour~. 

From the results of vapor samples given in Table No. 6, 
representing the firing period and following hour, it ia estimated 
that men with the protection of gas mask only, would suffer about 69% 
casual ties from HS vapor. This estimate is based on the result of 
vapor samples taken at nine positions on and at the edge of the target 
area. In the titth column of Table No. 24, estimated vapor casualties 
are given for each 20 yd.aq. on the entire target area. The figures 
as given in this column are estimates based on results obtained at 
sampling poaitions, the position of impacts in and around eaoh square, 
and the wind direotion. Eatimated wpor casualties for the total 
target area, figured from estimates on each 20 yd.sq., is 63.~ which 
very closely checks 5~, the per cent given in Table No. 6, representing 
results at nine sampling positions. Chart 4 shows that part of the 
target area on which it is estimated lOQ% man casualties would result 
from HS vapor, on exposure for a period of 60 min., beginning ten minutes 
after the cessation of fire. 

(c) Four Hour Period Beginning One Hour After 
Cessation ot Fire. 

Fre111 the reeults of Tapor samples given in Table No. 7 • 
representing the four hour period beginning one hour after cessation 
of fire, it is estimated that man with the protection of gas mask only, 
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would 1utter about 63% oaaualti81 from. HS vapor. 'fb8 eaat 1ide ot the 
area •• tree troa iapaot1 &11.4 oould han been ooO\lpied. w1 thout danger 
troa HS w.por • u long a1 the wind coll'tined to blcnr troa tu east. 
fhat part ot the target area on whieh it 11 ••t~ted 10~ un oa.1u• 
altiel would r81ult tr• HS 'ftpor 11 ahown • Chart 6. 

(4) Outlide the target Area. E1tiaated .an oaaualtiet 
dowmrilad troa the iapaot polltlon are a .... in 'fable• 8 and 9. 'fable 
lo. 8 npre18D't1 the tirill.c period and following hov • ad 'fable Jfo. 9 
repreaet1 the tour hour period begiDDiag oae hour after tiriag oea1ed.. 
'fhe per oent e1tiated oa.eualtie• at 1aapliq poli tiou il 1hcm:a 
cnphical17 oil Chart• 8 and 6.A. 'fhe per oot ••tmat.cl ouualtie• 
at the1e politiou 11 repn1eted by the 1had.ed polition ot the 20 ,.a.aq. · 

e. E.tt.ated Kan Caaualtiel Baaed on 1tteot1 oil ~11. -
AAimals casualties and e1timated man oa1ualtie1 baled 

on etteet• en &Dimal1 are reoorded in ~able• Io. lOA to l8B iDoluliTee 
Also ani-.1 politio:u, uimal caaualtie1, and eatimated ~ aaaualti81, 
baaed on etteot1 on ani.JMle • are ahOWD em Charta 1 to 18 inoluli Te. 

(1) latiated lu C...ualt1 .. on the Target Area 
whc il&iL ia Proteatid with Gu i&ak OBly. 

(a) Firing Period and Following Ten MlDutea. 

B•ti•ted man oaaualtiea due to expo1ure on the target 
area durin& tbe tiriD& period aDd following ten llinut .. , are g1TeJL in 
Tables Bo. lOA and lOB. From the aniaal:,; ouualtiea 1t il eetiate4 
that DWl oaaual tie a would be aa% baaed on raw cd 66% bued on goat•. 
or ~ baaed on r&tl and goat•• 

(b) Firing Period &DCl Followiug Hour. 

Eatimated. aan oaaualtiel due to expoaure on the targ.t 
area duriug the tiring period ud tollowi.Dt tn abmtea, are giTen in 
rablea lU aDil llB. l1"oa the ani-.1 ouualtiea it 11 eatimated that 
man oaaualtiea wOQld be ~ baaed on rata, aud 51% 'b&aed on goat., 
or 4'7% baaed on rata and goata. 

(o) Four Hour• troa Second to Sixth Hours after 
tiriiii ceu4MI. . 

Eatillated an oaau&ltie• clue to exposure on the tar&et 
area durinc the tour hour period following the tint hour atter firin£ 
eeaaed, are giTeD in Table• 12A md l2b. Froa the &Dial oaaualtiea 
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it 11 e1tilated that an aa1ualtie• WQuld be .2'7% baled. on rate a.nd 3:5}( 
baaed on goats, or ~ ba1ed on rate &Dd goats. !he ant.ala u1ed did 
not coTer the target area but taking into ooaeideration the po1ition 
ot the 1.,._..., the area covered by the •D1•d• waa repre1eatatin ot 
the entire tarcet area. 

(d) 

E•tlllatecl .aD oa1ualti.. due to exposure on the target 
area during the 24•hr. period begi.DD.ing tin hour• alter tir~ oeaeed 
are giTen in !able1 Ko. 1&1 .nd lSB. Froa the animal oa1ualties it 
11 eatimated that man oawaltiee wculd be about 12% baaed on rat• and 
25% bue4 on goats, or 18% baaed on rat1 alii goate. !he miaals 
ua~ did DOt oonr tu tarpt area but takiag iato oouideration the 
position ot iapao'h, the area ooTered b;r the aa1aal• was repreemtatiTe 
of the eDtire target area. 

(e) Bx;eo•ure in Shell Crate,... 

Eltiated maD oa8\l&l tiel due to e:xpo1ure il1 shell oratera 
tor a period of 2' hr. are giftD il1 Tablet Ho. 14 to 11, 1Dolu•1n. 
From the anillal re1ults, it 11 probable that oaa\l&ltiea would renlt, 
it the 1apact area wa1 oooupied bJ pencmnel w1 thia aennteen da.ya after 
the date it wa1 •helled, W1le11 they were protected with gal ••t and 
1tandard t.pre~ated clothing. 

(2) Donwi.Dd troa the 'farget Area. 

(a) l'iri¥ Period and J'ollowty J'our lia\ll"a. 

Ettimated an oasualtiet where aan 11 protected with gaa 
mask only, due to e:xpoeure direct~ do11llW'iDd trom the targ.t area during 
the tiring period aDd following tour hour•, are giTeD on 'fable• lo. 18A 
and l8B. J'rca the aniJial re1ulta, it ie eatimated. tbat penonnel ocoup1• 
1.Dg the do&wind area within 100 Jd• t:roa the impact polition, for the 
period 1tated abon, would probably beoo• oaaualtiea. 

t. -
(1) Firing Period aDd Followi!g 'fen Mlautea. 

In !able lo. 22, eetiJiated -.a ouualti .. are giwn tor 
eaoh 20 ;rd. aq., ba1ed on the following effeota &lid methods ot figuring 
oaaualtiea, whiD an protetbed with gaa ••t onq, 1a expoeecl on the 
target area during the firing period and toll awing ten minutea a 
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(a) BS Liquid using puel data. 
(b) HS ftpor traa ftpor 1ample1. 
(c) Coui.Ded etfeot ot HS liquid and HS 'ftpor. 
(d) Btteot on aniaala. 

· ligurea in thia table ahow that l<>OJ' oaaualtiea would be 
produoed on 6'1% ot the area. bale4 on the oc:abined effect of BS liquid 
and ftpor and '1" baaed on the etteota on &Dimala or 6"' baaed on the 
two methods ot figuring ouualtie1. 

table lo. 22. 

Batiaated 

lo. ot 1Iiij)a.Clufi0oa BS Li£!41Plil 'SS vm~~J'raa US Liquid1ii'roa ltteot• 
1takea atawithin alattmated 1 o.t.1Lt t-._ and ii!or a 011 &Diaall 
oenter otle&Oh I oaaualtiel na.luelecl.... I'Lt!iJila a •~mt alltiated 
a quare 11quare a I aoaaual• a ouualtiea aouual- a .an 

I a a a tiel a I tiel la&lualtiea 
a I ~ a I • I • a I J 

1 a 0 a 0 a .10 a il a ta a I 0 
3 a 0 a 30 a eli I 100 I 100 a a 0 
6 a 0 a 67 a .26 a 100 a 100 a J 
'I • 0 a CS1 I e$0 a 100 a 100 I BLS a 100 

a a a a a a death .. 
9 a 2 I 10 a .oo a 0 a 10 a a 

11 a 0 I 0 a .oo 1 0 a 0 a a 
21 a 0 a 30 a .20 I 100 a 100 a a 
215 a 2 I 154: a .16 1 100 I 100 a BL a 100 

a a I a a a death a 
27 a 0 I 66 1 .ao a 100 a 100 a a 
29 a s a &6 a e20 a 100 a 100 a J 0 
31 I 0 a 15 a .oo 1 • a 16 I I 

a a I 0'· l 0 a .oo a 0 I 0 a t 0 
-i-6 a 0 a 16 1 .ao 1 100 a 100 a a 
47 a 0 I '15 1 .ao 1 100 a 100 1ERSz a 100 

a t I a a ae••r• a 
49 • 0 I 80 • .ao ' 100 • 100 I a 
61 a 1 a 64 I e20 a 100 I 100 I I 0 
&S I a I 27 I .20 I 100 a 100 a a 
I& I 0 a 0 I .00 a 0 I 0 t a 0 
67 • 1 a " I oiO t 100 I 100 I I 
cse a 0 I 80 a .zo a 100 I 100 aiR Jfocl• a 100 

a I I I I 1 era.te .. 
71 I 0 I 82 a .ao 1 100 • 100 I I 
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!able lo. 22 (Cont•d.) 

lo. ot •fiiaO\• .s. ii Li£!41Ji!OJa B! er I I'J!Oii !§ Liquid a FrOID :mt'f'ede 
•ta.kee &1a wi1;)li.Dalst!ilit;ed I o.t.aJs •1 u4 ftsr I. OJl ani-.1• 
center ota -.oh a oaeualtiee nalue1tM -.u.al•tiU.t .an 1 &iii;;! 1E•it.mated 
•t.uare t •qll&rea I 1oa•ual•a ouualties 1 casual•a an 

I I 1 tie• I • tie• aouualti•• 
I J a I J a :t I l :t 

73 I 0 82 a .eo I 100 I 100 aES llod. 1 100 
115 I a 87 I .10 I 91 t 97 I I 

77 I 0 0 I e00 I 0 I 0 I I 0 
89 • 0 77 I .ao 1 100 I 100 I I 

91 I 0 61 I .ao I 100 I 100 I • 
91 I 1 87 I .ao I 100 I 100 I I 

96 I 0 80 • .40 • 100 I 100 aiLS death 100 
97 I 0 47 • .ao • 100 • 100 • • 
99 • 0 0 •• oo • 0 • 0 I I 0 

111 I 1 81 1 .ao 1 100 • 100 I • 
113 • 0 • 66 I .zo 100 • 100 1 BRSa • 100 

• • I I I •ewre I 

115 I 2 I 69 I e20 100 I 100 I I 
117 I 1 I 69 I .10 91 • 97 I I 

119 I 0 I 18 I e00 0 I 18 I • 
121 I 0 I 0 •• oo 0 I 0 I I 0 
liS I 1 I 60 I .ao 100 I 100 I I 

115 I 2 I 71 I .ao 100 I 100 1 ELSa I 100 
I I I I • death I 

117 I I I 60 I .20 100 I 100 I I 

119 I 1 I 49 I .20 100 I 100 I EL I 100 
I I I I I 1 cleatb • 1411 I 0 I 7 I e00 I 0 I 7 I I 

l.U I 0 I 0 I .oo I 0 I 0 I I 

116 I 0 I eo I .20 I 100 I 100 I I 

157 I a I 90 1 .ao a lOO I 100 aiR dea'bh1 100 
159 I 0 I 73 1 .ao I 100 I 100 I I 

181 I 1 I 18 I .10 I 91 I 86 I I 0 
163 I 0 I 0 I .oo I 0 I 0 • I 

166 I 0 I 0 I .oo I 0 I 0 alB 11pta 100 
111 I 1 • 61 • .ao • 100 I 100 I I 

179 I 0 I 6? I .10 I 91 I 9? I I 0 
181 I 1 I 68 I .10 I IS • 97 I I 

181 I 0 I 20 I .oo I 0 I 20 I I 0 
186 I 0 I 0 I .00 I 0 I 0 I I 

187 I 0 I 0 I .00 I 0 I 0 • I 0 
199 I 0 • 76 •• 16 I 100 I 100 I I 

211 I 1 I 78 I .15 I 100 t 100 11 Mod.. I 0 
201 • 1 I 

,, 
I .10 I 83 I 97 • • 

206 • 0 • ' I .00 I 0 • ' aSR llo4. 1 100 
207 I 0 I 0 • .oo • 0 • 0 I I 
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I&~• Jo. 22 {Cont'd). 

lo. ol 1I1iipa0tufi=oa D 11p14eP:roa Bi w.por 
atakea ata withina&ailititecl an a o.t.alati•-

afi'Oa IS liqui& afi'!oa eli'eda 
a on a:aSaela 

oater ot1 each a oaalaltiea nalue a ted. -.n 
~ ADd. ..... !ir 
1Ltiliat aD a .ADLiUt:l alitl•I4Ht 

square 1 aqaaraa I &CI&IU&l• a oaeualtiea a oa•ual•a -t I I a tiel I a tiee • aouualtiea 
a n • • !t !C !C I I I I • I • 209 I 0 I 0 I .oo • 0 a 0 1ELS death 100 

221 • 1 a 86 I e20 alOO I 100 I I 

223 I 0 I 90 I .10 I 81 • 98 aiLS death 100 
226 I 0 I 1'1 • .oo • 0 I 11 I I 

221 I 0 I 0 •• oo • 0 I 0 • • 229 • 0 • 10 I .00 I 0 • 10 • I 

231 • 0 I 10 I .!.22._ I 0 I 10 • • J.y. ii.(J • I w- I II I • •s .. page 11 tor ayabo!a. 

The average peroentace• aa pYc in !able Io. 22, are baaed 
on the total target area whioh inolwl•• about 1.200 •CJ.•Jd• on which there 
waa little or 110 etten troa the BS due to wiDd. direction a:ad ahell dia• 
tribution. ID. !able Io. 21. whioh tollowa. reaultl are pftll to include 
oaly' the blpaot area a• defined 1Jl paragraph Bb. 

Eati-.ted. oaaualtiea ginn 1n !able lo. 21, are bued. on 
au. area 16,800 •CJ.•J'd•• 011. whioh 11 ahell 'bu.rat. a .. alta 1D th11 table 
ahow an aftrage ot 9• .an ouualtie• baae4 oa the effect• ot BS liquid 
au.d ft.por • a:a4 ~ baaed oa etfeO'M 011 utMls • or a awrage ot 71% 
baaed. on the two uthods ot tiguriDg ouualti•• 

Table lo. 21. 

lo. Ol ai&te at oeiier efa bttiiite4 un oaaailii .. 

0 

0 
ii 

20 ,.a..aq. aD 11ti14 ana 'iipor I lffirii Oii iiitiill• 
I •••lea I 

I • II • 0 
I • l88 I 0 • • 
' • 100 I 100 

21 I 100 I 
26 • 100 I 100 
27 • 100 I 
29 I 100 • 0 
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Table lo. 21 (Coat'd.) 

lo. ol •take at center ol I Batillatecl azL ouualtiea 
20 74• aq. 1 JIS liqUid act w.por I meota OD ulUl1 

• IQiplel I a a i&5 • . ., • 100 I 100 
49 I 100 I 
&1 I 100 • 0 
6S t 100 • 
6'1 a 100 I 
69 t 100 t 100 
'11 I 100 • 
'11 I 100 • 100 
'76 I ~., • 89 I 100 • 
~1 • 100 • 0 
~~ a 100 • 96 • 100 I 100 
9'1 I 100 I 

111 I 100 • 113 I 100 • 100 
116 100 I 
11'1 • 9'1 • 0 
111 • 100 I 
115 • 100 • 100 
U'T I 100 I 
1S9 I 100 100 
156 • 100 
161 • 100 100 
159 • 100 
161 • 96 0 
11'1 I 100 
119 • 97 0 
181 • 91 
199 • 100 
201 • 100 
221 • 100 
221 I .. 100 

AT. 96 50 

(2) Pirinl Period and FollowiAI Hour. 

Ia Table Jo. 2f, wbioh tol1owt, eattmated man oaaualt1et 
are gi~ tor eaoa 20 1'4• sq. bated. oa the tollowiag etten• and method 
ot tipria.g ouualtiea, when 1ll&ll proteotecl with gaa •ak only, ia u.poaed. 
on tbl ta~t area during the tiring period and the to1low1DC houra 

Appendix C ·50-



(a) HS liquid usiDg panel d.ata. 
(b) BS npor troa vapor ••plea. 
(o) Caabia.d ettect ot BS liquid and HS vapor. 
(d) Jttect on ant.als. 

Figures iD Table No. 24, show loa.% estimated casualties 
on 66% ot the area, based on the bo!lbia.e4 etteote ot HS liquid am vapor 
aDd 44% based on ef'teots on animals, or 56% based on the a-..rage of the 
two methods ot figuring casualties. 

1'able lio. 24. 

lo. of JfiiP&oi• d'i'oa II ilCij!! a hOi BS ft£r aFioa d llqulCI1Froa ettec:ts 
atakes at1 with1D1L'Ef•tect -.n ...... alat • 1 ud i\!ir a on ••1wla 
center of' a eaoh a outalties aftlue a'ted MD aLt&a .u a liliMiaL'E • .an 
square a squarea 1oaaual•.1 oasualties a oaaaal~lasualties 

• • t I ti .. • I tiu•a · 
I I !I • ~ I ~ • ;t s ' 1 • 0 • 0 • .20 I 100 • 100 • 

3 • 0 • 30 • .ao 1 100 I 100 • I 0 
6 • 0 • 61 • .46 • 100 • 100 • I 

1 • 0 • 61 • .so • 100 • 100 I I 0 
9 • 2 • 10 I .oo • 0 • 10 I I 

11 I 0 I 0 • e00 I 0 • 0 I • 
23 • 0 I 30 a .ao • 100 • 100 I • 
26 • 2 I 64 t .20 • 100 t 100 I • 0 
27 I 0 • 56 I eiO I 100 • 100 • • 
29 t I • 56 I .ao a 100 • 100 • I 0 
31 : 0 • 7 • .oo • 0 I 1 • I 

33 I 0 • 0 • .oo • 0 I 0 • • 
46 I 0 I 66 • e80 a 100 • 100 1ERS2 I 100 

• I • I • asewre 1 
48 • 0 • 80 •• to • 100 • 100 tELS death 100 
47 • 0 I 76 • .ao • 100 • 100 • • 
51 • 1 I 64 I e30 I 100 • 100 • a 0 
63 • 3 • 27 • .so • 100 • 100 I a 
66 a 0 • 0 • .oo • 100 • 100 • • 0 
67 • 1 • 77 a oiO a 100 I 100 • a 
69 • 0 a 80 a .so a 100 • 100 • I 

71 I 0 • 82 a e40 a 100 I 100 1ELS d•th 100 
73 I 3 I 57 a el6 a 100 a 100 I I 

76 I I a 67 I el6 I 100 I 100 1ELS death 100 
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Table Jo. 2' (Cont'd.) 

lo. ot 1Iipt.ctuFroa ii n,uid •From liS ft.Gar Jlro.B HS liquid1From etfeote 
1takea at1 with1n1l1t1at84 -.u 1 o.t. 1Lt • I .aDd 'ft;EOr I OD azdMll 
eenter of1 each I oa1ualtie. 1'98. lue1ted .-a. 1iatG&tec1 -.n 1 ADliMli&ist. an 

square 1 •quare a I 1oasua1• I euua1tie• 1oasua1•1 oa.1ua1-
I I 1 tiea I 1 tie•• I tie• 

~'i' I I ;( I I • I !t I !I I " 11 I 0 I 0 I .00 I 0 I 0 I I 
89 I 0 I 11 I .26 I 100 t 100 1EBB I 100 

I I I r 1 senrea 
81 I 0 61 I e25 I 100 I 100 I I 
93 I 1 I 61 r .-60 a 100 I 100 1ERS Kod.a 100 
8& I 0 I 80 I .so I 100 I 100 I I 
17 I 0 I '1 I e25 I 100 I 100 I a 0 

" I 0 I 0 I .oo I 0 I 0 I I 

111 I 1 I es I e26 I 100 I 100 1ERS llod.1 100 
1121 I 0 I 66 I e26 I 100 I 100 I I 

111 I 2 I 69 I .26 t 100 I 100 1:EL death 100 
117 I 1 I 69 I .16 I 100 I 100 I I 
119 I 0 I 18 I .00 I 0 I 18 I I 0 
121 I 0 I 0 I e00 I 0 I 0 I I 
113 I 1 I 60 I e26 I 100. I 100 1BS Mod. r 100 
136 I 2 I 71 I • .0 I 100 I 100 I I 
117 I 2 I 60 I e26 I 100 I 100 1ELS death 100 
1Z9 I 1 I d I .26 I 100 I 100 I 
1 .. 1 I 0 I ' I .oo r 0 I ' I •• 0 
1,3 I 0 I 0 I e00 I 0 I 0 I I 
156 2 0 I eo r .25 I 100 I 100 I I 0 
167 I I I 90 I .-tO I 100 I 100 I I 
U9 I 0 I 11 I e25 I 100 I 100 1ELS death 100 
161 I 1 I 38 a .00 1 0 t 38 I 
161 I 0 I 0 I e00 I 0 I 0 I I 0 
166 I 0 I 0 I .oo I 0 I 0 I I 
177 I 1 I 61 I e26 I 100 I 100 1ERS I 100 

I I I I I 1 88't'ere1 
178 I 0 I 67 I e16 I 100 I 100 I I 
181 I 1 I 61 I el5 I 100 I 100 ~~ severe 0 
183 I 0 I 20 I .oo I 0 I 20 I r 
186 I 0 I 0 I .oo I 0 I 0 I I 
187 I 0 I 0 I e00 I 0 I 0 I I 
199 I 0 I 26 I e20 I 100 I 100 I I o· 
201 I 1 I 78 I e20 I 100 r 100 I I 

203 I 1 I •& I el6 I 100 I 100 I I 0 
206 I 0 I 7 I e00 I 0 I 7 I I 

207 I 0 I 0 I e00 I 0 I 0 I I 

209 I 0 I 0 I e00 I 0 0 I 0 
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!able lo. 21 (CODt'd.) 

lo. of afiiiot••l:ti!Jli#4aFri "1j Z2:r atrori. B8 ilqul4 1Froa etreOG 
atakee a'tmtllab 1 ~ 1 e.t.1Ea • 
oenter ot1 each I caaualtiea 1-nlueated JlaD 

a md ;!or 1 oa uU.la 
1L'E18 ed -.a 1 lil&ialllt. LD 

a quare 1 aquarea 10&aual• a ouualtiea 1o&.ual• 1 eaaual• 
I I I a 'tiea I 1 tiee• t tiea 
I I J I J I ' I J I 

221 • 1 • 85 I .26 I 100 I 100 1ELS death 
''223 • 0 I 10 I .16 I 100 I 100 • I 
22& • 0 I lT I .00 I 0 I lT aS lip.ta 
22'1 I 0 • 0 I .oo I 0 I 0 • I 
229 • 0 I 10 I .oo I 0 I 10 a! Jlocl. I 
231 I 0 I 10 I .00 I 0 I 10 I I . 

AT. i! li 11 I • I I I 

•:See page 11 !or aymbOla. 

Per oat eatiated oaaualtiea baaed on the combined effecta 
ot BS liquid and w.por are oouidera.bq higher than oorreapondin.g figuree 
baaed on etteota on aut.ala. There would have been a still greater 
apread betlreen th•e tip rea it a aaller JWabar ot abell had been uaed, 
beoau•• on~ ot the 20 yd. aq. the HS liquid and T&por present waa 
in exoeaa of eatiated require.anta to produoe 100% oaeualtiea. 

J 
100 

100 

0 

u 

B•timatea baaed on etfecta on aniu.la were wry oonaervati wly 
made &Dd are probabl7 low. It ia alao probable that eatimatea baaed on 
effeata ot B.S n.por alone, are hip for aftrage teaperature o0Dd.1tiou ao 
that u aw~ce, baaed on etteota oa aDiaala and troa m•aur&ents of the 
llS liquid and w.por preaent, ia probably more uearq oorreot than by either 
method alone. 

~· lumber ot Shell R!iuired to Produee 6g! Maa Casualties. 

It •a atated ilL paragraph 8 o (2) that about fourteen 
ahell distributed per 100 yd.aq. will produoe 6Q% oaaualtiea tro.a liquid HS, 
when man h protected with gas mask only. 

Froa ti gurea g1 T& in r able lo. 23, it wu eatia ted that the 
impact ot ZO ahell, excluding one dud, on an area ot 16,800 aq.7d• would 
produce 85% oaaualtiee baaed oa etfeota ot HS liquid and Tapor, and 60% baaed 
on effecta on &Dilaals, llhe u:poaed during the fir1J11 period and i"ollowill& 
ten minutes. OD thia baaia, the tollowinc nuaber of shell per 100 yd.aq. 
will be requirecl 'to produce &OJ' oa1ualtiea when an 11 protected with 
gas mask olll7 1 

Appadb: C 



) 

Baaed on BS liquid and vapor aaaple• • 9 ahell 
Bued on etteota on aniBiala • 18 • 

.AT • • ""'1!r • 

Baaecl Oil the two methode ot tigQring oaaualtiea. about 
fourteen ahell diatributed, are required. per 100 yd..aq. to produce SO% 
eaaualt1ea. when man ia protected with gu Mak onlJ• 

9e Ccmo1uiou. Proa the reaulta ot tm preaent teat, the following 
conolualon• are dra101 with respect to'the uae of 156.._. ahell tilled with 
BS. wha tirecl UDder the meteorological OODditiou aiating at the tta. 
ot the teati 

a. !he Jlllllber ot ahell required per 100 yd. aq. to produoe ~ 
ouualtiea-whn distributed u equallJ u p:re.otioable • are u tol1owu 

(1) 1lheD .an, protected with gu -.ak am atandard impreg
D&ted clothing, ia expoaed during the tiring period • 1.0 abell (aee P• 21). 

(2) Whe,-. protected with gaa -•k 011171 1e exposed 
during the ftri.Dg ieriocl and following ten ainutea - 14 tbell (aee aub
paragraph ,. abo"''e) e 

b. PenoDnel who ocOQPJ the downwi.D4 area, within 100 yd. 
ot the t.pact area during the tiring period and the tollo~ng hour, 
will autter oaaualtiea UDleaa thq are protected with gas Mak and at&DdaN. 
impreguted olothiJ&c (aee PP• 9 aDd 26). 

o. It the impact area 1a ocaa~piecl b7 perac:amel with1D anentea 
daJa, after the date it was ahelled, the::r will proba'blJ aufter ••ualtlea 
11Dleaa th8f are protected with gaa ... k Ul4 atandard. iaprepated olothiag 
(aee P• 26). 

10. ie.-eadatlou. It 1a reoOJIIMJMlecl that the preaat teat 
be rep•ted With a 01\aige in the tiring period tro:a 9 a.a. to one hour 
before aUDaet to deter.aine the etteota ot ..teorelocteal ooaditiana oa 
the nuaber ot abell required tor etteotiw r88ulta. 
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Res::.of T .. t ot IIS•J'illed 
II BO;It&er Shell. 
feet 111 • JaDe 11, 1112. 

- 36 -

Su'baittec!a 

l•l B. G • .lfaoatire, r.<J. ilciHID. · 
W•pou Department, 
MPD!tio~ DevelopmeDt Di~aion. 

ReooaeucUAg apprew.l1 

/~lee E. Lou.ob, 
1. muckS. 

Capt.iD, c.w.s., 
Chief, Jlanitiou Development Divilion • 

.Appro'ftla 

i. Ji5ffG6-H • 
Kajo.r, c.w.s., 
Technical Director. 
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BATTERY "C" 
FORT HOYlE 

SIXTH FIELD 

l ·;vv ~ 

ARTILLERY. 
MARYLAND 

August 4, 1932. 

11.»10: TO- The Technical Director, Edgewood Arsenal Md. 

1. The following data was used in the 155MM Mustard Gas 
Shoot of June 11, 1932. 

Conunands Elev. s·ensings Ranarks. 

Compass 3210, On No.1 Close 3,Shell M.Gas,Charge 5, Fuse Lqpg, 
NOell Rd.~uad 

300 
Left 8 308 

304 
302 
302 

Left 4,2 Rds 302 

Left 4 302 

Righb 4 lRd 302 
Mark Base Def. 
Adj •. 1 · Rd 302 

Lef't 4 
Right 2 
2 Rds 

310 
310 
310 
310 

1 .l:{d 306 
304 
302 

2 Rd 302 

No.2 Mark Base. Def. 
No.3 Adjust 1 Rd 302 

302 
298 

. Right 4 298 
290 
294 
296 

Right 4 298 
Left 4 898 
Left 2, 2 Rds 298 

No.3 l/ark Base Def. 

60 L Short 
80 RiJlht Over 
60 -.., " 
100 " " 
20 Lett Short 
80 Left Short 
80 Right o-ver 
Line owr 
30 Lei"t Short 
Target. 

60 Left Short 
50 " It 

30 Left • 
130 Right Over 
Over 
140 R ight Over 
80 Rigbb Over. 

80 Right Over 
80 Right Over 
60 Right Over 
25 Right Over. 

10 Right Over 
30 Right Over 
Line Owr 

DUD 
DUD 

DUD 

DUD 

50 Right OVer 
160 Lef't Short 
JBO Lett Shart 
60 Left Short Det.Over 
40 Left Short Det Short 
50 Left Short Det.Short• 
80 Lett. Shottt.w 100 Left Short 



·~ 

".! 

No.4 Adjust 1 Rd. 302 150 Left Short 
25 Right over DUD 310 

306 100 Right Over DUD 
304 30 Right Over 
302 120 Left Short DUD 
303 50 Left Short Der.over 

R1~ 4 304 100 Right Over 

lJer. 
303 40 Left Short. 

No. 4 Mark Base 

OOR'!AN DS 2 FIRE ON ARFA. 
Base Det. Right 45, On.No.l Open 5, Battery 3 Rds~ 

Q.uad,At J1W Command Eleva. ~No.l-302,No.2-30l,No.3-299,No.4-303 

lst.volley- 2 Shorts, 2 Overs 
2nd. " 2 Shorts, 2 Overs · 

1 DUD 

3d Volley 2 Shorts, 2 Overs 
Btry 2 Rds,Same Elevations 

lst.volley 4 Shorts, 
2d. Volley 2 Shorts, 2 Overs. 

Btry 3 Rds.Elevs.No.l-3061No .2~3051No.3:-303,No.4-303 
1st. Volley 3 Overs , 1 Line 
2nd.VolleJ 1 ~ort, 2 Overs # 3 out. 

3d. Volley 1 Line, 2 Shorts. 
Btry 2 Rds,Same Elevations 

JXnD. 1st. Volley 
2nd. Volley 
3d. Volley 

w 
1 hort, 2 Overs. 
1 ~ort, 3 Overs. 
1 Line, 20vers. 

# 3 In. 

NOTE* The above sensings made ct1 panel in oenter of area. 
lhe last VOlley above was the 3 s left over beoasue of 
# 3 being out or action for ~-

r::' .· I I; f I . ;r: - / ./I .I ,;,, J ; ,::n' I 

~~ ~.w~~~v / t l • 

Capt. 6th.F.A. 



PATTERN.S OF L/QU/0 HS 
ON PAPER PAN£Lo· 
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Appendix D 

Repert ot Test ot HS•Filled 155-.m. Howitaer Shell 
t .. t c • Japa't 4:, 1Hz. 
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OF -
DST OF BS J'ILLED 16&-... Jarl!ZER Sm.L 

fiST C • AUGUST '• 1912 

1. ~~ !he object ot this teet waa to determine the number 
of 166 -. 1er ahell tilled with HS. which ia required in opa 
80\Ult1"7 ud.er the •teorolocioal oODditiou wMoh e::d.ated at the tiM 
of the teat to produce 60% oasual tie a. requiring naeuatiOD tor 
hoapitalisatioa. 

z. .Authority& !Jd.s wet waa authoriaH. iD the Projeot Program 
for Bd.cewood .Arsaal tor the y_,. 19Sa. 1Uld.er Projeo't .A. l.l•lb• l&li ~ 
Shell, .XI (Howitser)• II J'illed. 

I. Pre'rioue festst .A. teat W&l ooNluoted OD ll'ebruaJ"1 l&th and 
17t~ 1932, !n wbioh i6 shell from eaoh ot tour lota ot ahell, repreaent
i:a& the ahell 11aed in the preaeDt teat, were tired troa aenioe napou 
to determine it tbe ahell tanotio:aed aormall7, bn u attempt 'fts ac1e 
to determine the ga1 oonoentration aet up • 

.A. aeoODd teat na oonduoted on 11a7· 21, 19321 ill whioh 
40 ahell were tired tor t.paot on a target 100 Jarda wide bJ 200 ,arta 
deep. From a pre1imiD.U7 atudy ot the reaul ta it ns eati•ted that 
it would require about 28 shell per 100 yard aquare. ·to produce ~ 
oaeua1tiea, when JIWl ia protected with gae uak only-• 

.A. third teet waa ooDduoted on June 111 1912, in whioh .0 
shell were tired tor impaot baret on the aem.e tarcet uaed ia the 
pre'doue teet. It waa eetiaated, troa a preliainary study ot the reaulta 
ot the teet• that about 1' shell per 100 yard square are required to 
produoe 60% oaaualtiea, when man is protected with gas mask onl,.. 

49 Material• Uaed: 

•· Shell. !he shell ueed ill the present teet was the XII, 
15s--. Bowitser, tilled with BS. They were taken from war reeern at 
ldgnood .lraeul and repreaent a lot 11hioh were tilled in the years 
1921•19221 tor ehipment to the B&wa.iian IalaDda. !he BS used in fill• 
i:ag the ahell was troa war reaene &Del waa probabl:7' •de by the Leviuteia 
prooe••• The "Yoid uaed in tilling tbe BS into the ahell ia not knotm, 
but was probabl7 about 10'4 based OJl the anliUII 'YOlwae ehell. 
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be Booat.r. !he booater uaecl waa ta MVI•B• wbioh oontaina 
a burati:ag charge of 29 p-a:u ot tetryl and 253 gr•• ot Hf. MaDJ 
ot the booatera i:a theee shell were illproperl7 aeated. 

o. Pu&e. t'he fuse was the JIIII• euper quiolr: poiat detoD&tiDC -tuse. 

4. lumber ot Shell Used. Sl~ne. 29 tor ranging and 40 
tor etteot. 

eo Howitsera Uaed. A battery of tour 15~ ~t&era waa 
used UDder command ot CaptaiD L. T. IOI&hoa. The Howitsera were set up 
on •c• field in the TioiDity ot ooordinatea 690•4• 1869el aa shown on the 
special military map of Gun Powder Weak• prepared under the direction ot 
the Chiet ot Engineer•• u.s. Ar-my. 1923. 

s. Target Areaa The target area waa a reota.ngular field ot open 
oo'Wltry 100 p.rda wide by 200 yarda deepJ located on "ll" field in the 
'ri.cinity ot coord.1natea 690•5~ 1864.0 with the lo~ axie oriented. to 
line of tire. The area waa ooTered with graea and nede having an aTerage 
height of 1 to 2 teet. f.be area wae diTided into lo-yard aquarea by 
placing numbered stakes at lO.J&rd intervale. Paper panel•• aamplla& 
maohinea eel animal a nre placed on the area to detendne the etfecti ,.. .. 
neaa of the gae concentration set up. Chart 1• accompanying this report 
ahowe the target area aa it na prepared tor the t•st with positiona 
of animal•• panels and aam.pling machinea. 

6. !!Perimentala 

a. Method ot Conducting Teat. £Iter adjustment• the Bowitsere 
were ranged on the target and tired aa rapidl7 ae possible with change 
in elevation tor diatribution ot impacta OTer the target area. On 
completing the tiring of the shell• the paper panels were collected 
for tabulation of results and the animala on the target area and at 
positions daw.uwind trom the target area. were reaoTed at definite periods 
and replaced by other animals. Aleo during the firi:ag period and the 
animal expoaure periods• ftpor aamplea were taken with the use of field 
aampling machines. The meteorological data were recorded during the 
period ot the teat. 

be Firi!l ot Shell. 

(1) .Adjustment of Howi turs. The Bolli tnra were adjusted 
in parallel on a target about 100 yards east ot the target area, using 
29 ahell tilled with HS. Firing tor adjuatment began at 4.38 p.m. and 
endecl at 6.40 p.m. 'the i11paots were reoorded as followst 
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22 Bursts 
3 Low order bursts 
2 Duds 
2 Ricochet• 

(2) F1r1J!& tor Bttect. Fir1Dg tor ettect started 
about 6.,35 p... and eiid'ed at I. 66 p.a., a period or 10 llinutea. 
To obtain diatribution ot the impact o~r the target area the 
Bowitaera .. re ranged in parallel usins three changes in ele~ation. 
Sixteen rounds were tired tor impact on a line 50 J&rds short ot the 
center and 20 rounds tor impact on a liM 50 yards beyond the center. 
In an attempt to till in the gapa resulting tram the tirat 36 rouada, 
the last tour rounds .. re tired tor illpact on a line through the 
oenter ot th$ target. A photostatic copy ot a memorandum dated !u~st 
4, 1932, to the Teohnioal Direotor, troa the Battery COIIIII&Dder• gi"rlDI 
the tirinc 4ata by round, is attached to this report. Fraa obaerTation 
at the O.P. during tiring, the following bursts were recorded. 

36 • Bish order 
4 - Low order 
1 • Dud (outaide target area) 

(3) .acta. 'fhe poai tiona ot the bpaota are ahmm 
on Chart 2. Ot the T ahell tired tor etf'eot, 26 regiatere4 on the 
target area and an additional 12 within 70 yards ot the target area. 

o. Keteorolosical CoDditiona. the tollowing meteorological 
conditions preTailed. 

Tt.e 
Air temperature 
Ground temperature 
Ground coDdl tion 
Relatiw humidity 
1find wlocity 
Wim direction 
Sley 
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Aupst .&, 1932 
6e!6 p.-. to T.os p ... 

83 to aOOF. 
86 to a!OF. 

Dry 
61~ 

1.6 m.p.h. 
8W 

Clear 

T.os to 1e66 p.-. 
80 to 780J'. 
83 to 79°F. 

DrJ 
70% 

leT -.p.h. 
8W 
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.lir te111perature 
Ground temperature 
Ground oonditioD 
Relative humidit7 
WiDd wlooi ty 
Wind direction 

71 Reaultaa 

Aug. • • 7&66 p.~ to 
Jug. 6 - 9aOO a.m. 

16 to 66 to 800F. 
81 to 66 to 78°F0 

clamp (dew) 
61% to ~ to 7'$ 

leO m.p.h. 
s.w. 

-80 to asor • 
18 to 1160!'. 

dey' 
10 to 60% 

s.o a.p.h. 
s.w. 

a. Liquid BS. 

(1) Size o£ Liquid BS Dropa. The diat;ribution of liquid 
BS waa registered by mean• ot paper panell 8 inohel aquare. plaoed flat 
on the EJ"OUnd at eaoh stake poli tion onr the entire t;arget area. The 
panels ba"ring dropa in exoess ot 0.1 mg. are tabulated. in the following 
table. 

fable Wo, 1. 

Size of BS Dropa 

lo. of dropulu:aber of r•l• ci&aaitiecl -
per panel 10,1 to 10• to 11,0 to tOTer-

10,6 !1•11.0 !I•IStO eg,ISoO !I• 
1 

2 to 10 
11 to 20 
OYer 20 

I I I S I 1 I 0 
a S7 I lT a • I 0 
I 10 I T I 0 I 0 
I 11 I 1 I 0 I 0 

Total panell hav1J21 drop• ot 0.1 II&• or greateJ• • 60 
Total peels exposed on target area • 2SO 

( 2 ) Bstiu.ted Man Casual tiel from L1 g\aid liB. 

(a.) llal Protected lfith' Gaa lfaak but Without the 
Proteotion of l!llpregn.ated ClothiBJ• & paper paDele were tabulatea tor 
densit7 ot pattern uaing the gradiDC•• hea'fY, MdiU.. light aDd traee. 
A photoatat of the acale uaed in grading the panels ia attaohed to th11 
report. The panel grading• are tabulated in the following table, to
gether with eattmated man caaualtiea. 
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!able Bo. 2. 
r 

lltimatecl llaD Cawal tie a on Tar1et Area from Li:g,uicl BS 

Pa'ttel"D afin81 gracliD&IIBatiaatecl oaaualtie1 
sDUa'ber1peroentawheJ1 man ia pro·teotecl 
I I nrith ~· JIUk ODl' 
I I I " Hea"'7 I 22 • s.e I s.a 

Jlecli• I 39 I 1'1.0 I 11.0 
Light I 81 I 156.2 I 28.2 
'fraoe I 38 I 16.6 I 9.9 
lo auatard I 50 I 21.'1 I 

total aD4 I I I 
a'Yerage I 110 s1oo.o ' 64e'T 

From result• given in table 2• it 11 eatiaated that 
peraoaael e2po1ed an the target area during the tiring period• proteotecl 
with gaa aak only, 110uld Buffer about 65" oa1ualtie1• it they were 
equally distributed o~r the area. The poaition of ahell orator• and 
eatimated man oaaualtiea from liquid BS are ahown graphically on Chart 2. 

BOTE• 'fhe bali• for estimated oa8U&ltiea in Table 2. ia.giwn in report 
of !eat •B•. 165-mm. howitaer shell• oonduoted on June 11, 1932. 

(b) llan Protected w1 th Gaa Jlalk and Standard 
:U,repated Clothi!§• The paper panola were tabulated for number of HS 
drop• on panell in whioh the drop aize waa in exoeu of 0.6 If&• !Jw 
result• of the tabulation, together with eatimated man oaaualtiea, are 
ginn in the followin& table. 

!able liTo. s. 

lsttmated Man Caaualtiea on Tar1et ~a from Liquid BS 

Siae ot 1 lumber of I latimated .an oa1ualtiea when pro-
BS dropaa paul• I teoted with ia• 11a1k aud atandard 

I I iJII)reg:aated olotbis• 

:Ill• I I per panel t ~ 
o.6 to • I I 

1.0 a 20 I ~ I s.6 
ot.r· UOt 8 I 1~ I s.5 
'fcrt.l • 28 i ' 110 

Total panola on area • 230. 

Botea !he baeia for estimated oaeualties in Table s. ia given in report 
ot teet •B•, 166-.a. howitzer ahell, oonduoted on June 11, 1932 • 
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b. latimated Kc Caeual ties from Effects ot BS Vapor. 
BapliD& :machine• were placed to take Taper aamples at poeitious indicated 
on Chart 1. In eaoh of the table• which follow• representing different 
aampling periods, the •ampling position• used are deaignatede The HS 
vapor concentration, o.t. Talue, and % eatimated Ban casualties, as 
estillated from the vapor concentration, are also included in each ot the 
tables. 

Tho o.t. ftlue is equal to the Tapor concentration in 
Ddlligrame per liter time• the expoaure period in minutea. Eati .. ted 
:aan casualties are ba•ed on the c.t. ftlue u•ing the ftluation ourve 
ginn on Graph 1, attached to thia report. The per cent estimated man 
oaauel ties in the following tab lee repreaent man protected w1 th gaa 
:aask, but 'without the protection ot impregnated clothing. The sampling 
periods as giTOn in each or the eub-headinge which follow are only 
approximate due to time required to change sample• 1n sampling machines. 

(1) On the Targe~ Area. 

(a) Firing Period Plus 10 Jfinutoa. 

!able •o• 4. 

Pod-a Ele• a SaaJ!liDg 2•riod a Air 1 BS a Vapor ao.t. aBatimated 
tion avationa time amin.aaampledl in aconce~awalueamaakod .. n 

I s I II lejl tn.tiona aoasualtiea 
I tt. t I 1 literal •• I ag.la I 

0 I . 0 a6.38 to 1.os P•~ 33 I 1146 I 1.2 I .0010 I e03 I 42 
I I 1 ae.3& to 7e05 P•llll 80 I 1().44. I '76o0 I eCI'75S a2.28 t 100 
1" I 0 16.86 to 6.66 p.ma 20 I 684 I s.e I .0129 I .26 I 100 
G I 0 a6.s& to 7e02 P••• 21 I 966 I e&.s I .0678 t1e82 I 100 
p I 1 a6136 to 7.07 :2•311 82 I ~1" I '78!8 I e0692 12e20 I 100 

.!nrage ae.4 
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(b) Fitty Jlinute Period Startiy ten lliautea 
Jfter Firing Ceaee4. 

table Bo. 6. 

Posi•l Ble- I S•;eli!J Period 1 Air I BS 1 Vapor ac.t. 1Estimated 
tion na t1 ozu Tillie aain.l ••pled& in aoonoen-avalueamaaked .an 

' I I I II 1N1 trationa 1oaeualtiee 
I tt. I I 1 literet nag. 1. I I 

0 I 0 1'1.10 to 7.66 p.m. I 46 I 1564 I t .0012 I .061 57 
K I 1 1'1.06 to 'Te66 p.m. I 49 I 1700 I I e0400 I 1.96& 100 
G I 0 17.os to '1.65 p.m. I 62 I 1860 I I .02'17 I 1e411 100 
p I 0 11.oe to 7!66 ;e.m. I 47 I 1680 I I e0300 I 1.411 100 

A?erage 89.2 

(o) Firilll_ Period Plu1 One Hour. 

!able No. 6. 

Posi•l Ele• I 8811\:fli!!£ ;eeriod I Air I RS 1t Vapor 1 o.t.IEitblated 
tion nation a ti• aJiia. 1 1ampled1 in aoonee~1value1maaked man 

I I I I II leii,Jtration& 1caaualtie1 
I rt. I I I literet ~~g. amg. 1. 1 I 

s I 1 a6.35 to 7.66 p.~ I 80 I 2860 I a.'T I e003l I .26r 100 
c I 1 16.35 to ?.66 p.-. I 80 I 2820 I 65e8 I e0198 I 1.691 100 
T I 1 16.36 to 7.56 p.m. I 80 I 2820 ' 10.9 ' .0038 ' .SOt 100 
0 I 0 a6.36 to 7.66 p.m. I 80 I 2110 l s.o l e0011 I .091 88 
K I 1 a6el6 to 7.56 p.m. s 80 I 2744 1146.3 I .0633 s 4e2l1 100 
G I 0 16e35 to 7e66 p.m. I 80 I 2828 1l06e8 I .0378 I 2.991 100 
p I 0 16.36 to 7.65 ;e.m. I 80 I 2824 1129.1 a .0467 • s.se1 100 

.A.nra.ge 98el'i 
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(d) Four Hour Period on Day Following F1riS5• 

!able Bo. 7 

POd·tEle- a Vapor so.t. aEatimated aSamfling E•riod a Air I J.tS 
ticm nations Time aKin. a sampleda in aconcen-aY&lueamaeked man 

I a J a tlam leaatrationa a casualties 
stake a ft. I a.m. p.m. a I ters: mg. amg. 1. I I 

76 J 1 a 10.26 to 2.30 a 2451 4620 I 1.4 I .0008 a .o1 I TS 
?5 I 2 a 10.26 to 2.30 I 2461 4620 I o.e I .0002 I .o6 a 68 
76 I 4 a 10.25 to 2.so a 246a 4620 I 0.4 a .0001 a .02 I 30 

120 I 1 a 1o.ao to 2.so a 240a 4$00 a o.e a .0001 a .o~ a so 
120 I 2 1 1o.so to 2.so a 240a 4300 I o.o a .oooo a .oo a 0 
186 I l 1 10.S6 to 2.30 a 2361 4270 a o.e I e0002 I .04 a 60 
186 a 2 a 10.36 to 2.so a 236a 4270 a o.o a .oooo a .oo I 0 
186 I ' I l0e'S5 to 2.30 I 236a 4270 a o!e I o0002 I e04 I 60 

Average 38.1 
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(2) Outside ot 'l'ar,et .Area.. 

(a) Firi!g Period Plus OM Bour. 

'!'able J1'o• 8. 

• tt. • • • iiterea -c. tBg.,l. a a ' 
R • 1 a6.S5 to 7e55 p.~ • 80 • 1410 • 6e9 • .0041 • .ss • 100 
R 1 2 a6.S6 to 7.66 p.m. a 80 a 1430 a 1.2 a .0008 a .06 a 66 
R • 4 a6.36 to 7.6& p.m. • eo • 1430 • 1.2 • .oooe • .06 • 86 
B t 1 t6e35 to 7.56 P•~ t eo t lS90 t 7eS 1 .0062 1 e42 1 100 
B • 2 a6.S6 to 7.66 p.m. a 80 a 1390 • 6.3 a .0038 a .so a 100 
U t 4 t6e38 to 7.66 p.-. t 80 t 1390 t 3.7 t e0027 t .21 t 100 
J • 1 a6.315 to 7.66 p.m. r eo • 1390 • 7.6 •• 0064 •• 43 • 100 
J • 2 a6.35 to 7.66 p.~ • 80 • lS90 • 6.6 • .0040 • .32 • 100 
J t 4 t6e315 to 7.66 p.m. t 80 t lS90 t 3.3 t .0024 t .19 t 100 
D • 1 ae.s5 to 7.66 p.m. • 80 • 1410 • s.5 • .0026 • .20 • 100 
D • 2 t6eS6 to 7.6& p.-. • 80 a 1410 • '·' • .ooss 1 .27 • 100 
D I 4 t6e35 to 7.56 Pelfte I 80 I 1410 I 9e6 I .0067 I .64 I 100 
B I 1 t6e36 to 7.65 P•lfte I 80 I 1482 I 9e9 I .0069 I .66 I 100 
B I 2 t6e35 to 7.65 p.m. I 80 I 1432 I 7.1 I e0060 I •'0 I 100 
R I 4 t6e36 to 7e66 pea. I 80 I 1432 I lle1 I e0078 I e62 I 100 
K I 1 16e36 to 7.66 p.m. I 80 I 1390 I ll.T I .0084 I .67 a 100 
K I 2 t6.36 to 7.66 p.m. I 80 I 1!90 I 11.7 I .Oost I e67 I 100 
• 1 ' 16.35 to 7.55 p.m. • 80 1 1190 1 T.l 1 .oo51 a .41 • 100 
Q • 1 as.s& to 7.55 p.-. a 80 a 1410 • 7.1 a .ooso • .40 a 100 
q t 2 t6e36 to 7.56 p.-. a 80 1 1430 1 T.1 1 .0050 1 .40 1 100 
Q, a 4 a6.35 to 7e65 p.m. • 80 • 1410 t &.T 1 .004:0 • .sa • 100 
u 1 1 1&.ss to 7.66 p.-. • eo • 1410 1 5.6 • .oose • .11 1 100 
u 1 2 ae.s5 to 7.56 P•• • eo • 1410 • a.e • .0021 • .11 • 100 
u • 4 16.35 to 7.55 p.m. • eo • 1410 • 4.3 • .ooso • .24 • 100 

o. Batt.ated Man Caaualtie1 Baaed on Btreota on Aaiaala • 
.Animale were plaoed on the target area and at posi tiona d.owmrind troa 
the target area to deter.mine etteota or the gas concentration set ~ 
aDd how long the liquid BS persiated on the impact area. !he position 
or the emimala whioh were exposed during the various expoaure periods 
is shown on Charts 6 to 10 iDCluei Tee !he animal canal ties and 
estimated man casualties. when man is protected with gas mask only, 
are giTeD in the tables which follow. fhe man casualties are eeti-
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•te1 b7 the Medioal Reaearoh Di'ri.lion, whioh observed and studied 
the etteota on all animal• exposed. Estimated man oa.ualt1e•• baled 
on etteote on am•l• are 1hown on Charta 11 to 16 iaoluliw. In 
the tables aDd on the ohart•• the followiq .,abol1 are u1ed to 
deaisD&te the D&ture ot the animal oa.aualt1e11 

L • Gro11 pathology of lung 
R • Reepirator,r 1,aptome 
8 • Firat degree akin burn 
s2 • Seoond degree 1ld.n burn 
s5 • !bird degree Kin burn 
I • Sillple ooDjunoti'ri.ti• 
12 • PQrulent oonjunotirlti• 
r • IB.iur.r bJ' shell trapent 
X • Stoaatitia 

(1) On !ar&et .Ana. 

(a) Piri5 Period aDd Following 10 Jlb1itea. Dw-iq 
the tiring period and tollowinc 10 :minut••• 18 rata and 16 goat• were ex• 
posed on the target area.. Re1ult1 are tabulated in the following tehlea. 
The positions of the &Dimala are 1hown on Chart 6, aDd eatiaated an 
oa.aualtiea on Chart 11. 

~able lot Sa 

E1timatecl Mu. Ouualt1e1 Ba.1ed oa Btfeeta on Rata 

PCaitio:a lature ot 1 Snerit,. 1 Pb1itian ot t Bate oa.aualtiee when 
of O&.lualt,. I ot I burn 1 aan ia proteote4 with 

a take I O&IUal: I I ~:• maak 01\ljt 

' ss I aewre teet I iS$ 
11 :1182 I death teet I 100% 
4:1 !J.Sz I death teet I 1~ 
61 :aL t leftre teet I loo;c 
56 I death teet I 100% 
99 ISzL I death feet I 1~ 

139 BS 1 Mclerate teet I 1~ 
179 s I light teet I 1~ 
188 B I light I 0 
187 :,_, I ae .... re teet I loo,C 
22T I death teet I 1~ 
2Sl SaL I death feet I 100% 

A.,.rage oa.ualtiea baeed on 18 rat• poaitio:ae • 61%. 
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!able llo, 8b 

Batt.ate4 Maa Casualties Baaed on Btfeeta on Goate 

hlitio:D. 1 Wature ot 1 Seftri't7 1 PO'aitio:D. of 1 Bate oaaualtiee when 
ot a casualty I ot I burn 1 aan ia protected with 

a take I I oaeualtz; 1 I I•• -.U: oal.z; 
1 I I t light I - I 0 

39 I B IS I death I body I 1~ 
S3 I ~Jt I aeTere I • I 0 
7S 1 EziBJX I death 1body u4 no1e1 1~ 
'1'1 I ~BS I eeTere 1body IUid noae1 100% 

llS I Bs:RS I se-vere I body I 100% 
117 I BIS I eewre I eare • lao% 
121 t :maiJ2x I death I 'body I 1~ 
161 s Bz:RSz I eeftre I body I 1001' 
166 I E2RS2 I eewre I body I 100% 
209 I 111i I aewre I bodz: I 0 

A'ftrage oaeualtiee baaed on 16 goats poaitiOD8 • ~ 

(b) Firi!J Period and Followi!£ Hour. During the 
tiri:D& period and tollowiD& hour. 11 rata aDd 17 goata ore exposed on the 
target area. Reeulta are tabulated in the following tables. The 
position of the animala are shown on Chart 7• and estimated man oasualtiea 
on Chart 12. 

!able llo1 9& 

Batimated Man Ca.ualtiea Baaed on Btteota on Rata 

JOaition 1 Batare ot 1 88ftr1ty POai tion of lat. oaaualtiee when 
ot I oanalty I of bu1"Jl an ia protected with 

a tab I I eaeual;tz e• ... onlz. 
2S I IS I eevere teet 10$ 
27 I 8 1.odera.te ten = Sl I B8L I death teet 
87 I s I lipt teet 100% 
7& I ISL I death teet 1~ 

111 I Sz a..derate teet 100% 
115 I BLS t death teet loo,C 
119 I I8L I death teet 1~ 
liS I 1118 I light teet 1~ 
20S I IS I light feet lOO,C 
107 I ILS2 I death ten 1<><* 

Average oa.ualtiea baaed oa 15 rata poaitione • 73~. 
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!able l'o. 9b 

POei iloD t iatve of 1 SeftritJ" 1 P011t1oa ot 1 lat. ~~&1ualtie1 when 
ot 1 eaaualt}r I ot I 'btU'Jl 1 an ie proteoted with 

atab I I oaaualty 1 • , .. mallk onlz 
A I lsJSz I leftre 11101e u4 boqt 100% 
89 I ¥Ja I leYere 1 ea!'l I 100}C 
93 • • •enre 1 lto47 I ~ 
97 I ~La I death I boclJ' I 100% 

111 I 8 I llpt I bod7 I 100% 
1.1'1 I ::: I aenre 1ear• ud bod)"l 100% 
141 I I death I bod,- I 100% 
181 I EaRS I aevere 1 bo47 t 1001' 
186 I IL I death I I 100% 
229 I BLSz I death I body I 100% 

Average oaeuaities baaed on 17 goata positions~ 5~ 

( o) Period troa Seoolld to Fourteenth Hour J.tter 
i'iri!i• DuriDg the period from the seoolld and fourteenth hour atter tirinc, 
15 rate a.nd 9 goat• were espoaed on the target area. Result• are tabulated 
in the f'ollowi:q tables. !he position• of the animal• are ahown on Clhar\ 8, 
and eatimated .an oaeualtiee on Chart 13. 

Table Jo. lOa 

Betiated lfa. Ca1ual tiel Baaed on Ef'f'eota on Rata 

Position 1 iature ot 1 
) 

POeition of t lato oasualtiea when Sewrity 1 

ot 1 oaaualt7 t ot I burn • an is protected with 
a take I 1 oaaual. ty 1 I e• allk o:alz J 

23 I 'I.Lia I death I teet I loo;! 
31 I IS I death • teet I leo% 
87 I BLS I death I feet t 100% 
71 I ELS I death I teet I 100% 
76 I ERS I aevere 1 feet I 100% 

116 I Sll I 18'9'81'8 I teet t 100% 
119 I sa I eenre I teet I 100% 
156 I ~~ I le"t'8re I teet I 100}( 
159 I I death • teet I 100% 
181 I s3n I ae"t'8re I teet I 

~= 803 I :~u I Ievere I teet I 

lOT I t Ievere 1 teet I 100% 
.A."t'erage casualties baaed on 15 rata positione • ~ 
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Table No, lOb 

Batt.ated Man Casualties Based on Effeota on Goats 

Poai tion 1 llature ot 1 8ft'eri ty 1 POii 1::1011 ot 1 lat. eaaualties when 
ot 1 oaeualty 1 ot 1 b1U"'1 1 all ia proteoted with 

ltalce I I O&IU&lty I I §&I •at only 

(d) J)ay hl~£' J'iriJ!I,jlStll to 18-th lour). On 
the daJ tollowiDC tiring, ,_ &t to theth m IJLOlultin, eight 
rata and tour coata were expout on the target area. Reaulta are ginn in 
the tollowinc tables. fhe poaitiona of the animals are ahowa on Chart 9, 
and eati•ted an ouualtiea em Chart 14, 

table Bo. lla 

Batt.ated »en Caaualtiea Baaed on Efteota on Bats 

POaition 1 lature ot 1 Snerity 1 tbaition ot 1 Ba\; oaaualtiea when 
ot 1 casualty I ot I burn 1 an 11 proteoted with 

atake t 1 oaaualty 1 I 5&1 ~~aat only 
95 I B8 I U§ht I teet I 10$ 

139 I BRS I aft'ere a feet I 1~ 
143 I !aLB I death I teet I 1~ 

An rage oaaualtiea; baaed on 8 rate polition• • 3'7, •• 

Table 1io1 11b 

Batt.ated Mea Caaualtlea Based on Btteote on Goata 

POai tiOD 1 Bature ot t Senri ty 1 Pod ti.on ot 1 

ot 1 oasualty 1 ot 1 burn 1 

atake a 1 oaaualtz 1 1 

97 • 12 I IIOderate I 'body I 
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(e) E!Poaed in Shell Crater• on Third Day !tter 
Firi¥• On the third day- after tiring aena rate and one goat ftre npoeed 
on the target area in ehell cratere. Reeulte are giTen ia the tollowiDg 
table. 

!able lTo. 12 

Eettmated MaD Ca.ualt1ea Baaed oa Effecta on Rata 

Jature ot 1 Severi 't7 ot I Position ot a lat. oaaualtiee whea 
oaau.lty- I caaualty I buJ'Jl I -.n ia protected w1 th 

• I I gaa ••Jt onlz • 
L I death I t 100!2 
BzRSz I eenre I I lOa% 
L I death I t lao% 
E I lipt I teet t 0 

!he goat expoaed waa not a casualty-. 

(t) oaed in Shell Crater• on Seventh D After 
li'ir1!1J5• Oa the aennth cla7 o t e niag• •• .,.. ra a aDd one goa were 
exposed on the target area in ahell craters. Result• are &inn in the 
following table. 

'fable No. 13 

Estimated Man Caaualtiea Baaed on Effects on Rate 

iature o't t Severi t,- ot I Position of ' 'late oaaual tie a when 
oaaualty- • casualty I burn I an 1a protected with 

I I a e• ••• oal.r 

• I light t teet I iOOJ 
•ss I aevere I teet t 1oo,C 
B I 11pt I I 0 
BRS t light I teet I 100% 

!he goat exposed wae aot a oaaualty-. 

(2) Dowmrind troa !arsn ANa. 

(t) li'iri!l Period u4 J'ollowiD& Hour. D\U'iq the 
t1r1Dg period aDd tollc:nriag hour • eight rata aDd tour goats ftre ezpoeed 
at poaitiona dowuwind troa the target area. Reaulta are given in the 
tollawiq table•• f.be poaitioaa ot the animals are shown on Chart 10 
aad eatimated man casualties on Chart 16. 
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'fable Bo. 14& 

latt.ated Man Caaualtiea Baaed on Effect• on Rata 

POaition 1 1fat\lre of 1 Severity 1 Poeition of 1 lat. casualtiea when 
of I oe.sual ty 1 ot I burn 1 man ia protected w1 th 

•take I I e&lual~ I I ,. ... ••k onlz: 
i5o I ES 1 aoderate 1 teet I lOOi( 
251 I WSzL I death I teet I J.OO!l' 
268 I s 1 aoderat. 1 feet I loo:C 
169 I l!'.S 1 aoderate I feet I 100% 
2e3 I sa I aewre I 1101e I 100% 
271 I sa I aeftre I DOle I 1.00% 

!able llo, 14b 

Bnbated Jlan Cuualtiee Baaed on lffeota OD Goata 

POai tion 1 Ia tare ot 1 Severity 1 Poei tion of t Eat. oaeual tie a when 
of 1 oaeual ty a of 1 burn · 1 an 1• prot.cted with 

ltake 1 a oaaualty 1 ' r• aaak onll 
264 1 laJlS 1 severe 1 feet 1 100% 
2.55 I II I .oderate I I 0 
266 I BaR• I moderate I I 0 * 
26? 1 lsJt• 1 aevere 1 t 0 e 

• !he author cloel not agree w1 th man caeual ty eetiaatea, ude by the 
Medical Reeearoh D1 vision, representing goata noa. 266 and 167 • It ie 
thoU&ht that these animal ouualtiee ehould be interpreted a1 100% 
man caaualtiea 1natead of Q% man caaualtiee. 

8o Discuesion. 

a. Shell Distribution. tho shell were fired tor equal 
distribution of impacta on t~ target area. Of the 40 ahell tired tor 
effect, 26 regietered on the target. f.be oratera produced by these 28 
ehell were all within an a.rea or 16.000 1quare JB.rdl 1fhich is about 
8~ ot the target area. J.ide fraa the impact• on the ~rget area, there 
were 12 additional iBipacta w1 thin a di stanoe ot 10 ~rd1 from the edge 
of the target area. light ot theee were partly effective on the target 
area due to wind direction. !hil 1• shown on Chart a. by the preeenoe 
of liquid BS o:a the eztreme west aide of the area. 
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b. !!fact Area. !he number of animal positions included 
within the impact area• aa distinguished from the target area. 
was 56• lllld sinoe each ani•l was located on the center of a 20•ye.rd 
aquare. for purposes of discussion. the aize of the impact area may 
be regarded a• 22,000 aqo yd. The animal poai tiou on the impact 
area and number of impact• on each 2~d aquare are gi~n in table 
16. 

c. Batimated Kan Caaualtiea tram Li~id ~· 

(1) Ettecte ot Jleteorologioal Condi tiona. 'the only 
meteorological factor having any effect on the •lae ot the area 
covered with liquid HS• by the buret ot a single shell• 11 wind 
velooity. The wind velocity during the tiring period in the preaent 
teat waa 1.5 m.p.h. which waa too low to carry the large BS c!ropa Teey 
tar, eince the distance they are oarried ie dependent on the inter'Yal 
of tiM they are in the air and wind travel during that period. 
Theoretically• the wind velocity fte too low to produce the maximum 
number of oaaualtie• tram liquid BS per ahell due to the reatriated 
aize of the area which would theoreticallJ be caTered ~th liquid HB 
by each buret. in the preaenoe ot auoh a law wind. 

(2) Protected with Ga• »ask but Without Protection 
or Imtn:eete~ Clothiy. L1Ulta trom paper panel• ln table 2, •hOw 
thAt perloll!lel npoaed with equal dietributi on on \he tarcet ar• dur!.a& 
the tiriq pel"iocl would autter ''•"' oaaualtie• troll liquid BS when 
protected with ca• aa•k• only. !he•• eeti.ate4 oanaltiea were partly 
due to the impact ot 7 ahell •••t ot the target area. all of Which 
weN oll17 llightl)' etteet1we Liqu.1d HS etteote 011 the targe-t area, trc. 
•hell which burat out1ide ot the target area, waa probabl7 much more 
'than eounter balancecl b)' etteeta dcnmw!Dd tro:a the tar&et area. by 
ahell 'llbich buret on the target area. The etteotiwneea ot the BS 
liquid 4owmrilld ia i:adicatec! bJ a beavy pattera en about 60}C ot the 
panel• on the d.owmrilld edge of the target area, eo that in oaloula'tiou 
no 1erioue error will be involved to <liaregard etteota or blpaot1 upwind 
from the tar&et. 

It 27 ehall will produce 84.~ oaaualtie8 bf etfeota 
ot liquid BS• oa an ar• ot 21.100 aq. 1'1•• al:!out 9 ahell 4i•trlbuW 
per 100-J&rd 1quare are required to produce 60" oaaual'tiea, when ua 11 
protected with gal maek only. 

(I) Proteeted wt th Ga• Ma1k 1.!14 Standard ~repated 
Cletldy. Proa result• given in table 31 it ie eatla.tethat perao~mel 
protecte4 w1 th ga1 mnske aDd atandard illlpreguted olctltiag, espo1ed w1 th 
equal 4\atributioa on 1iilte tarcet area dur~ the tirias period would 
11ltter about "" oaaualtiee tram liquid B8. 
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It 27 shell will produoe "' oaeual tie• trom. 'the 
etfeota ot liquid !S oa aa area of 23.100 aq. Jda about Sf ahell 
41atrlbute4 per lOO.,ard equare are required to produce ~ 
oaaualtlea when maa le proteote4 with gaa Mlk ua4 atendard 
lapregnated elothing. 

4. V or Coaoentratian Re u1red to Produce Man Caeualtiea. 
A dieouaaioa ot the expoaure period require o produce .an caaua iee 
trom BS 'ftpor 11 g1TeD l:D !eet "A•. -.eport ot !eat ot BS ll'llled lfil--. 
Bowitcer Shell•• ooaduoted Kay 2S, 1932. 

Ia the pre1ent teat• the air te111perature waa es• to SOOP. 
and wiad velocity 1.6 ••P•h• during the firing period aad tollowing 
hour. 1'heee ~~eteoroloP,oal ooDditic•• were vert tavorablo to build 
up a high 'ftpor oonoentration. 

(1) Oa the Target J.tea. latimated mu. oaaualt1e1 
on the target area. tr-• the etteots ot BS 'ftpor tor the c!lffere:Dt 
ezpoaure period•• are 1abulated ia table• 4 to 7 lnoluai'ft• and 
reaulta are ahown graphically on Chart• I to 6 laeluaiw. 

{a) Firi;t Period &lid Follow.I.J!I !en Jft.nutea. 
Fre the reaulta ot 'ftPOr ••pea in tabie '• repreaeii'ti~t~ the Hrlq 
period ad tollowia& ten minute•• 1 t i a eatima ted that -.a with the 
protection ot gae ••k only. would eurter about 88e4% oaeualtiel from 
ettecta ot HS 'ftpor. 'l'h11 eatiate 11 baaed on the average reeulta ot 
ft.por aamplel taken at. 6 different poa1 t1oa1 e the target area. 

lome tigurea are gi-ntn in the .tittb oelmm. ot table 11. 
whioh repreaent a JIU"e 00111plete 1tudy ot the 'ftpor oo11.oentrat1oa on the 
target area. !he ttgurea ill thia oolUBm tor each 20.,..r4 1quare• are 
eat:l-.tea 'baaed on reaulta obtaiaed at the ti'Ye aaapli:DC poait!ou. the 
polit!on ot Jl .. reat iapaota aud tM wim.d direotioa. BalM Oil the 
ti,urea iD. tbia oolua., peracael expoaed on the tarpt area duri-.g 
the tirim.g period aDd following 10 aimat••• would auffer about 95% 
eaaualtie•• 11hea protected with gaa ••k only. 

The peroent eatiated oaaual tie a tor eaoh 20.,ard aquare 
aa pwn 1Jl table 16• ia ahmm graphically OD lhart s. The ahade4 
area oa the oha.rt repreaeuta that part ot the area oa which lac$ 
oaaualtiel would 'be produoed by the etteota ot BB 'ftpor when man 1• 
protected wi~h gaa maak Ollly. The percent oe.8Uelties ahmm. on Chart s. 
are baaed osthe efteota ot 28 ahell. It 28 shell• diatributed over 
an area of 26.400 aq. ~ will produoe 9- oaiiU&ltiea b,- etf'ecta ot 
BS 'ftpor• 1 t will require theoretioall7• about 5.8 tbell d.iatributed 
per lOO.,ard aquare to produoe ~ Oll8ual tie e. 11bea the area to be ga• .. d 
oouiata of a nUilber ot loo-,ard aquare•• them. the number of ahell 
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required per aquare will be recluoed, ainoe the B8 ftpor from. ahell 
burata on the upwind aquare will travel dowmdDd and be etfeetin 
oa the dowu.iDd aquarea. The above diaouaeion doea not take into 
ooaei4erat10ll the ett'ecta troa liquid BB, wbioh will reeult ill 
&dditiOD&l oaaualtiea. For eaeualtiea bJ etteota ot liquid BS• 
tee 1ub-paragraph 8 o (2 ). 

(b) lirill«_ Perio4 u4 Followi!& :leur. Frala the 
reaultt ot w.por Hlllplee clniii. Qt. a. l"epreaatiac the tlri~~& 
periocl aDd tollcnrizrc hour, it ia eatiated that JI8D with the pro-
1ieotion ot gaa uak OBlJ1 would autter about 98.~ oaaualtiet tl"oa 
BS 'ftpor it expoaed oa the target area 4uriJ~« the tlriac period &rld 
tollow1Dg hour. fbia estimate ia baaed on the a~rage reaulta 
of 'ftpor ... plea taken at 1 different poait1ona oa the target area. 

Sae ti~el are gi 'YU 1a the titth oolUJm of table 
171 which repreeent a aore oaB~pleto atudy of the vapor eoaoentration 
c the target area. The ticurea in thia ool'Wllll, tor eaoh 20.yard 
aquare, are estilu.te1 baaed oa reaulta obta1ud at the aenn aapliq 
peaitioaa, the poaition of nearest impaota and the wind direotloD. 
Baaed on the. tigurea in thia oolumn, peraonnel exposed on the target 
area during the tiriq period aM tollowi.Dg hour, would autter abcut 
99•~ caaualtiee wbioh oheOka 98e3%• the percent ci"Yea ta table 6, 
repreaenting a"Yerage reeults at aeven eampling poeitlons. The ahaded 
area oa Chart •• ahowe that part ot the target area on which it ia 
eetiated 100% oaaual tie a would reault troa BS w.por 011 expoaure 
duriJI& the tiriug period aDd tollowiag hour. when 11&11 11 proteote4 
w1 th ca• ••lr: ollly. 

It 27 ahell diatributed oa an area ot 26•400 aq. 74• 
will produce 99.0% oaaualtiea 'b7 etteota ot BS 'ftpor, it will re
quire about 6ef abell diatl'lbuted• per 100-,ard aquare to produoe ~ 
oaaualtiea tl"oa B8 ftpor., whea JUD ia prowote4 with ca• ~~aak oal.J• 

Ia ticuriag the abow ahell requireMnt•• aa well aa 
ahell requln•ata 1a the prmcma paragraph• tor tirhag period plua 
10 Jlin •• the :taot waa not te.kea into coaeideration that the a.t. n.luee 
tor eaoh of the perioda ahow that the ft.por aonoeatraticm oa -.nJ of 
the 20..JU'd. •tuar••• •• wry .uoh ia ezo••• of ~uire•ata to produce 
1~ aaaualtiea. 

Ia the fourth aolUB. of table 17• tM aTe rage "• t. 
w.lue 1a 0.98, 1ddoh 1• about ai:ae tiaea o.u. the ••"• 'ftlue re41uired 
to prod.uee lO()J' oe.aual ti••• On thia bali a• le.. 1lhaa OM alwll per 
lOO.,.ard aquare would be required to produce 50% aane.l:tiea traa the 
etteota of BB -npor. 1'hi1 figure ia only of theoretical iatereat 



howeTer• &a probably onl;y a aaall part ot the ~,.ti •quare would 
be ocrnred w1 th B8 'ftpor trom the iltpaot bur1t of· a sincle shell. 
!he figures however are of interest aa they ahow that the 'Vapor from 
one shell• it sutticiently and e-.enl1 distributed oTer the area. would 
produce 50!( man oe.aualtiea• when man is proteoted with &a• malk• UDder 
the meteorological ooDditiona ot the teat. 

(2) OQtelde ot the Target Area. Batiated a.n oaaualtiea 
at aaplbc poaitiou oui:alde ol the target area• are giwa in table 8 
tor the tiriu& period and tollowiq hour. Vapor 101plea were obtainecl 
upwilld aa well aa downwind tl"oa the blpaot area. !he taot that 'ftpor 
aemplea were obtained upwind waa 4ue to the iapaot ot ahell outlide ot 
the target area. J. high 'ftpor ocmoentration waa obtained at all dOWJI'IIIind 
eampling positiona, It ie eatimated• tram the vapor oonoentration at 
eaCh ot the five samplin& poaitiona. that peraonnel proteoted With s-• 
aaak only• expoaed during the tiriac period aDd tollowiDg hour• at 
poei tioaa SO yd. dOWll'Wind. troa the target area. would sutter 100% 
oaaualties troa BS ~por. 

•• Bettmated lAD Casualtiea Baaed on Etfeota on jntmala. 
Animal oaaualtiea and eati-.ted -.n oaaualtiea baaed on etteota on 
animals are reoorded in tablea Sa to 14b incluaive. Animal positiona, 
&Dimal oaaualti••• and eatiaated .an oasualtie•• baaed on etteota 
oil aaimal•• are ahown on Charts 8 to 16 inolue1Te. 

(1) latiaated Jan Oa.eual tiee Oil the Tar&et .Area, when 
Jla ia Proteoted with G&a llaak Onlz. 

(a) Piriag Period a4 follcnr.l!!§ !a 111nutea. Pr• 
the u.ial oaaualtiea c1wn Ia table• 8a to 6. it ia eatbated that 
aa. proteote4 with pa •*• •2Poae4 oa the tarpt are& during tho tiriJll 
period aacl tollowiJag 10 lll1lle would autter 81" oaeualtle•• 'baaed 011 rata 
u4 &o,C baeecl em goata or && •• kacl on rat;a and coata. 

(b) Ping Period ud lolloriy Boar. latU..tecl 
-.n oaaual tie a oa the target area tor the tlrin& period a.d tollowi.Dc 
hour are pwa iB ilablea Ia 1.114 9'b. It ia eathlate4 that .a proteote4 
w1 th pa •at• wulcl autter about ,. eaeual tiea 'baMcl oa efteota oa rat• 
aa4 I~ kae4 oa coata or· about •• baaed oa rata aAd. goat•• 

(a) ,..riod traa ID4 to lltll Boar .After PlriM. 
l-"-w4 an oaaual tie a c!•e to n:pomure oa tile target area dW"iDC the 
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11 hr. per1o4 fro. the 2Rd to the lith hour after tlrlag. are g1Ten 1a 
table• 10& u4 lOb. Proa the aaimal eaaualtiea it ia eatiated that 
JIAD oaaual tie a would 1M 8~ baaed 011. rata and ~ baaed on goata or 
about 71~ baaed on rata aDd goat•• 

( cl) D!y Pollmdg !eat (11th to 18th hour). 
Batimated 11&11 oaaualtiee due to e~oeure Oil the target area on the 
da;y tollowiag tlriug, troa the 13th to the 18th hour, ue g1Ten in 
table• lla &Del llbe !he reaulta Show that it the target area ia 
oonpied 'by peraomel with protection of gaa JU.ak:a onl7• on the 
da7 following tiring tor a period ot three or tour houra, ouualtiea 
will result. 

(e) li!E!nre iD Shell Crater•. Bniated IIAD. 

oaaualtiea due to exposure in shell oratere tor- a period ot 21 hr. 
are gi'ftn ill tables 12 and 13. Proa the am.-.1 oaaualtlee, it ia 
eatimated that eaaualtiee will nault, it the impaot area ia oooupied 
b7 peraoamel proteoted with gaa -.eta onl7, w1 thin seven da;ya after 
date of ahelliDg. 

(I) Dcnrmri:r.ul tr• Target .Area. 

(a) Piri!g :r.noct and Pollow.tg Hour. latiate4 · 
•a oaaualtiea dowmr.lnd tr011. the target area an giTeD iD ilablea 14& 
and lib. Proa the a.lllal reeulta, it ia eati.Mted that personnel 
proteoted wi tb gaa aaaka onl.7 who oooupy tbe dOWJIW'ind area, within 80 
Jd• trOll the positi<m of iapaot, duriDC tlte tirin& period and follow
ing hour• will probablJ beco• oaeual ties. 

(1) J'irlng Period. and J'ollowig Ten Jlinutes. In table 
1&, estimated man oaeualtiea are giTen tor eaoh 2o-yard square, baaed 
Oil the following etteote and methode ot tiguring oaaual ties, whea .-n 
protected w1:th gaa maak 0D171 ia upoaed on the target area durillg the 
tiring period and following ten minutes. 

(a) BS liquid uainc panel data. 
(b) liS va.por from w.por eaaples. 
(o) Caabil:led etteot ot BS liquid and BS w.por. 
(d) Etteet o• aaim&le. 

J'icuree iJl thia table allow that 1~ o&lualtiee would be 
produoed on sa.~ ot the target area1 baeed on the ooabined effeot ot 
HS liquid &Dd vapor and 67.~, baeed on effeots on anlmala or '7•~ 
baaed on an average of the two methods of figuring oaaual ties. 
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Ttlble No. 15 

Stake DDel :t.p&ota1From liS liqui~tFroa liS 'ftpor1!'rom HB liquids From e:f'feota on 
&t oenterndthin sleti:mated an ao.t. tlat.trana and wpor t animal• 
ot 20.yd.a20..yd. J e&eualtiee avaluetoaaual•tlatimated .an aJnimal tilt. an 
a uare sa uare 1 1 a tiel s oaeualtiea soaaualtieaaoaaualtiea 

1 
s 
5 
7 
9 

11 
21 
26 
27 
29 
31 
ss 
46 
47 
49 
51 
68 
65 
67 
69 
'71 
78 
76 
77 
89 
91 
91 
96 
97 
99 

111 
118 
111 
llf 
111 
121 
181 
lSI 
137 

I 
I 

I 

I 

I 

I 

• 
I 

I 

' I 
I 

I 

I 
I 

• • 
I 

I 

I 
I 

t 
I 

I 

I 

I 
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I I I I I I 
0 I 0 I eOTI TS 1 Ta IE Ught 1 0 
0 S 0 I eiOt 100 I 100 I I 0 
0 I lS I e80t 100 I 100 I I 
2 I 73 I 8 901 100 I 100 ISJ Hftl"e I 100 
l t 18 a e 901 100 I 100 I I 
0 I 81 a80t 100 I 100 1B181 deaths 100 
0 l 10 e06a 68 I 81 I I 
0 I 38 .111 100 I 100 I I 0 
1 I 80 .101 91 I 97 I I 

a ' '79 .sol 100 1 100 •lriB deaths 100 
0 I 88 .BOa 100 I 100 I I 

0 86 .80• 100 1 100 •BaR esvere1 0 
0 80 tOll 18 I n I I 
0 79 .15a 100 1 100 11181 dee.th1 1()() 
1 92 1.0 I 100 I 100 I I 

o BT 1.6 1 100 1 100 •Bs severe 1 100 
1 100 1.6 I 100 I 100 I I 

0 96 .soa 100 1 100 1BSL death 1 100 
1 62 .soa 100 1 100 1 1 

o 79 .aoa 100 1 100 1 1 o 
1 87 .101 100 I 100 I I 

1 91 1.101 100 1 100 t:lzLSz X cleath 100 
8 96 1el I 100 t 100 I I 
0 1 91 1.0 a 100 1 100 tls!S severe 100 
o 81 .101 100 1 100 a a 
1 78 1e 001 100 I 100 I I 0 
0 80 • 40s 100 1 100 a 1 
0 86 e401 100 I 100 I I 0 
0 98 1.001 100 I 100 I I 

1 80 1.001 100 1 100 1ESaL death• 100 
0 f8 • lOt 100 I 100 I I 

1 81 1.00. 100 a 100 1B8BS .. ..-ere 100 
0 82 l leOOI 100 I 100 I I 

0 89 1 • M>1 100 1 100 IJsRS enere 100 
I 100 I ltOO& 100 I 100 I I 
1 100 I 1e001 100 I 100 1JaUJa X death 100 
0 78 I • lOt 100 I 100 I I 
0 81 I .101 100 I 100 I I 0 
1 8'7 I e40t 100 I 100 I I 
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!able lo1 16 {Cont 141 ) 

Stake DO•IlmpacteaFroa BS liquidaFram HS vaporaProm BS L1quid1Fraa etteote on 
at oenternrithin aEstiaated an a o.t. ;Bet.a:na uu! vapor 1 · udmala 
of 20·Jd•t20..yde I oa.eualtiel l"flllUeloaea.l•tlatl•ted •n 1li1Ml 1B1te an 
I re ' I a tiaa I caeua1t1•• le&IU&ltiaii0&1U&1t1al 

I I I I I • 189 I 0 I 86 I .401 100 100 tiS modera-te 100 
141 I 0 I 88 I leO I 100 100 I I 

loiS I 0 I 100 I .so a 100 100 I I 0 
156 I 0 I 80 I .soa 100 100 I • 
16'1 I 0 a 62 I .os1 42 12 ' I 0 
159 I 1 I 61 I .101 9J 98 a I 

161 I 0 I '18 I 1.ooa 100 100 •BzRSa Ievere 100 
183 I I I T6 I z.oo. 1.00 100 I I 

l66 I 0 t 63 • •6 I 100 100 •KaRSz eevere 100 
111 I 0 I 68 I .so. 100 100 I I 

1'19 I 0 I 8 I .osa a 4T IS light I 100 
181 I 0 I S2 I .osa 41 60 I • lBS I 0 I M I .lOa 98 91 tB light I 0 
1S6 I 3 I 63 a e.ooa 100 100 I I 

1ST I 0 I " I .aoa 100 100 as3 leftra I 100 
199 I 0 I 80 • .lOa 100 100 I I 

201 0 I 0 I .loa 93 93 I I 0 
203 0 ' 14 • a10a 91 94: I I 

205 0 I 40 I .loa 100 100 I I 0 
20'1 0 I 8'1 I .201 100 I 100 I I 

209 0 • as I .lOt 100 I 100 tEzR eeverec 0 
221 0 I 11 I .111 100 • 100 I I 

223 0 I 0 I .lie 100 t 100 I I 0 
226 0 I 10 I ella 100 I 100 I I 

22'1 0 I IS I ella 100 I 100 aEIB death 1 100 
229 1 I 86 I .161 100 • 100 I I 

281 0 I 86 I .lfh 100 I 100 ISzL d•th 1 100 
Total and I I a I I I 

avera§•• 1 28 t 64 a: I 91 I 96.6 I I e.,.a 
lOTI I See page 10 tor meaning ot ey.mbola ueed in oolumn 1. 
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The averace percentages given in table lS, are 
baled on tha total tar£et area. In table 16~ whioh follow•• results 
are giTeD to include only the impaot area •• det1aed in paragraph 8 be 

letimate4 oaaualtiee given ta table lG• are baaed 
on an area ot 22,000 sq. Jd• on whioh there were 28 iBpaote. Reeult• 
in th1• table •how a:a. average ot 98•• man oaeual tie• baaed on the 
etreote ot BS liquid and ftpor. and 62el~ baaed on etteota on uimala, 
or an avera£• ot ao. 8% baaed on the two methode ot t1£uring oasual tie a • 
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!able No. 16 

811alce number 1 I.llpaots • I Batiaate4 man oaeualtiel 
at center ot ~thin 1 P'roa if.S liquid s Froa etreots 
20.ld. •;uaret!O ~·q, I aJJd vaper I on auimal8 

l ioo a 
T 2 I 100 I 100 
9 1 I 100 a 

11 0 I 100 I 100 
26 0 I 100 a 0 
27 1 j 9T 
29 2 I 100 100 
:51 0 a 100 
S3 0 I 100 0 
47 0 s 100 100 
49 1 a 100 
51 0 I 100 100 
6S t 1 I 100 
66 0 I 100 100 
87 1 I 100 
69 0 I 100 0 
'11 1 l 100 
'13 1 I 100 . 100 
75 s s 100 
T'1 0 I 100 100 
89 0 I 100 
81 1 a 100 0 
93 0 100 
96 0 100 0 
9T 0 100 
99 s 1 100 100 

111 0 100 
111 1 100 100 
116 0 100 
llT 0 100 100 
119 2 100 
121 1 100 I 100 
lSS 0 100 I 

186 0 100 I 0 
13'1 1 100 • 
139 0 100 I 100 
1.1 o· 100 I 

14S 0 100 • 0 
161 0 100 I 

l6T 0 71 I 0 
1159 1 88 I 
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fable No. 16 (Cout'd.) 

stat; Dumber • ~aote t J.tt.ate4 maa o&8ualt1ee 
at outer ot 1 w1 thin aFroa ii Uquict aProa etteota 
2o-~. puar•• 20..~. a1• and w.~r 1 a u.S.Mla 

le I lOo I iQ) 
168 I I 100 • 165 I 0 100 I 100 
117 I 0 100 • 181 I 0 80 I 

118 I 0 97 I 0 
186 ' 3 100 I 

18'7 I 0 100 I 100 
206 I 0 100 • 0 
107 I 0 100 I 
209 I 0 100 I 0 
11'7 I 0 t 100 I 100 
229 I 1 • 100 I 

JSl I 0 I 100 I 100 
Total and J:Yerqe 28 • 98.1 I 12.1 

(2) Firipl Period and Following Hour. 

In \able 17. whioh follow•• eettmated man oaaualtiea 
are giwn tor eaoh 20..}'&rd equare• when man protected with gae Mlkl 
olll1, 11 expoeed on the target area durin& the tirin& perioct aDd the 
tollowina; hour. 
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Tab 1e Jloe 17 

oaure 

Stake no.alllpaoteaFroa H8 LiSuidtl'roa BS ft.portFroa liS liquids Froa etf'eot1 on 
at o•ntertwithill tlatiated .an teet• alet.aua a:ad u.por 1 .--.~·n~1;=:•!!!a~l.!.'-=--=----
of 20.yd.e2o-Jd• a G&.eualtiea au1ueaoaaue.1•1Betiated -.n aAm..l aist. B!l 

t 1 s tie• 1 eaeua1tiea uaaualt1eaaoaaua1tiea 
I I I I I I I 

1 I 0 I 0 t elJI 100 I 100 l l 

I 0 I 0 I •S41 100 I 100 I I 

6 0 I IS I 1.021 100 I 100 I I 0 
7 I I 73 I 1o 691 100 I 100 I I 

9 1 I 86 I 1.891 100 I 100 I I 0 
ll 0 I 66 I 1e 0! I 100 I 100 I I 

21 0 a 10 a .oe1 80 a 82 aRS eevere a 100 
26 0 I 16 I .161 100 I 100 I I 

27 1 1 60 1 e17a 100 1 100 aS aoderatea 100 
29 2 I 79 I leS8t 100 I 100 I I 

Sl 0 a 86 1 1.161 100 1 100 aBSL death t 100 
33 0 I 86 I 1.021 100 t 100 I I 

46 0 I 30 I .081 80 I 86 I I 0 
ff 0 I 79 t .251 100 I 100 I I 

49 1 l 92 I 1.101 100 I 100 I I 0 
61 0 I 87 t 2. 601 100 I 100 I I 

53 1 a 100 1 2. &Oa 100 1 100 •E8BSa aevere 100 
55 S 0 I 98 I 1e361 100 I 100 I I 
67 I 1 l 62 I e51: 100 I 100 tS light I 100 
69 I 0 I 79 I e5lt 100 I 100 I I 

71 I 1 I 87 I .611 100 I 100 I I 0 
71 I 1 I 91 I 2.991 100 : 100 I I 
75 1 3 I 96 I 2e991 100 I 100 aESL death I 100 
7T S 0 I 93 I le70a 100 I 100 I I 
69 a o a 63 a .51: 100 • 100 aEsSz e.vere 100 
91 I 1 I 73 I 1,701 100 S 100 I I 
93 ' 0 ' ao I .sea 100 I 100 •E2RSI Ievere 100 
95 I 0 t 86 I e68a 100 S 100 I I 
97 I 0 I 96 I 1.701 100 I 100 1lzLS death 100 
99 I 1 I 90 I 1.101 100 I 100 I I 

111 a 0 a 46 1 .&la 100 a 100 182 moderate 100 
113 I 1 I 81 I 1.701 100 I 100 I I 

Ul a 0 1 82 t 1. 70a 100 1 100 a!lLS d•ath t 100 
117 I 0 I 89 I e88t 100 I 100 I I 
119 I 2 I 100 I le70t 100 I 100 IlLS death I 100 
121 I 1 I 100 I le TOt 100 I 100 I I 

liS ' o· ' TS I .611 100 I 100 aS ligh't I 100 
1&6 I 0 I 81 I o3lt 100 I 100 I I • 

137 a 1 a 87 1 .&aa 100 • 100 •EaRS aewr• 100 
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table Jlo. 17 !Coni: 'd•) 

Stake no.at.paotlaFroa BB 1isuidaFrom BS !!£2t•Froa BS liquid• From ettect1 on 
at oenternrithin 1Batiaated. man ao.t. alst.mana and ~~or a u.1al8 
ot 2o-yd.120-y4. t oaaualties aTalueaoasual-sEeti.ate man 1AD!mal aEat. man 
• uare aa uare 1 • I tiel ' casue.ltiea lc&aualtieeaoaaualtiea 

I I I • I I 

1!9 I 0 I 86 I .681 100 I 100 I ' l·il I 0 I 88 I 1.101 100 I 100 1E2ts d•tht 100 
148 I 0 .. 100 I 1eS61 100 I 100 I I 

168 I 0 t 80 I o51s 100 I 100 I I 0 
161 I 0 a 52 I .o5a &8 • 80 • I 
1!9 I 1 I 61 I .111 100 • 100 I t 0 
161 • 0 • 78 1 1.701 100 t 100 I I 

16$ I 2 I 76 • 8.o&ea 100 I 100 IERS light I 100 
165 t 0 I IS I 1.02• 100 I 100 I : 
177 I 0 t 5S I .611 100 I 100 • I 0 
179 I 0 I 9 I .091 88 I 90 I I 

181 ' 0 I 32 I .091 88 I 92 IB3RS aevere 100 
188 0 I &4 I .17• 100 I 100 I I 

186 3 I 68 I s.ssa 100 ' 100 tEL dea:th I 100 
187 0 I 46 I 1.021 100 I 100 I I 

199 0 I 60 I ·"' 100 ' 100 • I 0 
201 0 I 0 t ·' .1'11 100 J 100 ' t 

203 0 • 14 • .171 100 • 100 a:B6 light I 100 
!06 0 I 40 ' .!41 100 • 100 • • 
2"07 0 • 8'1 • .s ... 100 • 100 aJU2 4•tha 100 
209 0 I 88 I .s •• 100 I 100 t I 

211 0 • 15 • .261 100 I 100 I I 0 
22& 0 I 0 I .261 100 ' 100 1 I 

226 0 I 10 I .261 100 I 100 I I 0 
227 0 I 33 I .30t 100 r. 100 I I 

229 1 I 86 • .soa 100 a 100 aliLS2 deaths 100 
!S1 0 I 85 • 126• 100 I 100 t t 

Total and1 I • I I I • 
average I 28 I 84 I .981 98.4& 99e0 I I 81.15 

NOTEs See page 10 for ..aning of eymbola used in oolumn 7. 
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ligures in table lT, ahow 1~ casualties on 99.0% 
of the area, baaed on the ooabined effects of BS vapor and liquid 
and 62.8% based on etreota on animals, or so. '1% baaed on the two 
methode of figuring casualties. 

Per cent estimated oaaualtiea in tables 15, 16 &Dd lT, 
baaed on the combined e.f'feota of BS liquid and •por• are ocmaiderablJ 
higher than corresponding t1gurea, baaed on effect• on ant.ala. 
fhere would hav. been a still greater spread between theee two seta 
of figures it a amaller nUilber of ahell bacl been used, beoauae on 
any ot the 2o-7&rd equaree the HS n.por concentration -.. 11moh in 
exceaa of estimated requirements to produce 1~ casualties. 

latblatea 'b&aed on efteota OJl ani-b were very 
oonsenatiTelf ade and are probablJ law. It ia also probable that 
eatimatea baaed on etteota ot RS n.por alone, are high for average 
temperature oonditiona, ao that an ... rage baaed on effeota on 
e:nia.la md from measurements of the BS liquid ud n.por preaent, 
is probably .ore nearly correct than either method alone. 

g. Jiumber of Shell R5uired to Produce &OZ' Jle.n Casualties. 

It n.a estimated in paragraph 8 o (2) that about 9 
ehell distributed per 100 Jd• square will produce 6~ oaeualtiea from 
Uquid BB• when lllllJl its proteo'becl wi tb gaa •lk onl7• 

Froa tiprea giwn in table no. 161 it was eati•ted that 
the impaot of 28 shell• on an area ot 221 000 aqe Jde would produce 
98e6~ oa.ualtiea1 baaed on a .. a.ure of the HS liquid and .,...por present, 
and 62el% baaed on effecta on am•18• when exposed during the :tiring 
period and tollowiug 10 llinutes. On. this bade, the tollowinc :aumb~tr 
ot ahell pe~ lOD-yard 1quare will be required to produoe 5~ oaaualtie1 
when man ia protected with pa maak onlya 

Baaed on BS liquid a:ad "ftpor a amp la 1 • a. 6 a hell 
Ba1ed on erteote o~. ani.al1 - 101 2 Shell 

Awrage .. 8e3 ehell 

Ba1ed OD the 'bwo methode ot 1'1guring casual tie11 about 
e.s 1hell distributed, are required per lQO.yard aquare to produoe 
60% oaeualtiea, when man ie proteoted with gas mask only• 

9• Coaclueion.. From the results of the pre1ent teet, the follow
in& aonaluaiona arw drawn with respeot to the u1e ot 165-.mm. 1hell 
tilled w1 th BS, when tired uDder the meteorological oondi tion• erlet~ 
at the ttae ot the teat. 
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a. !he nuaber ot Shell requi~ed per lOO.Jard equare to 
produce 50,% casualties when distributed as equally as practicable, are 
ae followu 

(l) When man~ protected with gaa mask and etandard 
impregnated olothing. is exposed during the tiring period - e• shell 
(tee page 17 ). 

(2) llhen man• proteoted w1 th gas maek only• is expoeed 
during the f'1r1Dg period. and tollowing ten minutes • 9 shell. 
(See sub-pAragraph g, page 28). 

b. Personnel 'Who oooupy the downwind area lf1th1n 80 Jd• 
ot the impaot area during the tiring period and the following hour 
will .-utter oaaual ties if' p~oteoted with ga! aek only • ( aee page 20 }. 

o. It the tmpaot area 11 oooupied b7 peraonDel with gaa maak 
protection only• tor a period ot 26 hre or possibly les1• within 7 
da. after the date 1 t was shelled, they will 1Ut£er oasual tie e. 
(See page 20 ). 

Xo rtcoJJ~Mndaticma are Mde ill view of the taot that the 
next teet• !eat •n•. wae conducted before the atudy ot the preaent 
teatwaa completed. 

Report ot Test ot BS Filled 
155-am. Bowitser Shell, feat •c• 
.t.uert •· 1952. 

I 

Subaitteda 

/•/ B. G. Jlaei:atire 

I•/ 

B. G. llCIWTIRB, 
Weapoll& Department. 
Jll.mitio111 Dev. Divieion. 

RecommeDding Appro.ala 

Charle1 B. Loucks· 
cmtiS-1. tolfCis, 
Captaia, c.w.s., 
Chiet. JluDitioae Deve Divieioza. 

.Appro'ftda 

/•/ E. Montgomery 
ll. JIO!f!GOIIIRY• 
•jor. c.w.s. • 
!eohaioal Dlreotor. Appendix D 
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BAT~lm'"C" SIX!ll! FIZLD A3TILWBY 
Port Hoyle,tte.ryland. 

~~= To ~~dine Officer, 
.tigewood A.rsanal,Mar:.:lalld. 

1. upon the request Of Oe.ptaln Loucks • the undersigned 
submits a oopy of the record kept by captain :U:cuahon, for the firing 
done ~ bin of the 155 MM Rowitser shoot ot August 4,1932. 

Initial Ccvr;mnds-

Ocmpass 3210 On fJ. Close 4 - Shall 

Dlatard Gas - Charge 5 - tase long - no.l 1 Bound 

. :Bound 
s . wo. 

: ElB"Y: Ob1ervers sans1nes 
:8 c. vlatlon: 

1 :300 25 R 
150 B 

3 •290 20 B 
150 B 

5 :290 
6 :go 
? : 0 

10 ~ 
11ne 
200R 

8 :280 150 ll t= 
30L 

Bipt 4 10 :zso 150 L 
16() B + 

l& .: 285 125L -
. 13 :285 kat QK 

&>L -70 L -: '16 60L -

t= : liow Order : 

' : ' ' -qc 

llo 1 
iso L 

Btoord Baae: ])!fleet ion : : fi1§i"!a.t1op ~ 287 
: ,. 1~ "187 

=!{o.3 record : 24 
• Bgsa Doflagt: 

287 

287 

:· 

.. 

~; 
60L 

eo L 
10 ~ 

-l-

- -

-x : ~ ;-rout" : -- ----'--
r . . ---------------



..... 

267 t 130 L - ? . . 
287 150 L : - ·-:Bo.4 Beool'd 

: W• Dltlgotlou. 27 290 SOL - -
:l'o,l .&.djust.Iro.1 . ·- -267 20 L 

287 Target OE OK 
;~ Bd• 26 
; Jo.l Bight 4 29 

No, 1 Beoor4:Buse J?efleotlon 
:Base Detleotion 38 · 1 2 · 

"No., ,·-----------------------------------: B1sht 45.0n ~ O!J8ll . :6.Batta17 Bi"ht at: 31 : 3• 268 . _______________ ......., 
o- ..,111'"::''=""'. No.4, -

Plre :~ oornmau4.no.l,2,: liiss! 291 
:3, 288 No.4, 291 32 :· 

. . 

--- ----..-...... ~~o.3 

Battery 2 Bds 34 . 2C8 . Lost 
35 -· 1~ 

Same .slnatiou 36 291 ..,. 
37 
3S 

• 39 + 
40 -Left 3 41 :r.o.1,2,5 Lost 
42 286 Lost 

Btry 2 3ds 43 :r.o.4 
--:''-""----'----~~-=-------...;._---- ------- ' - -

44 291 
--45 -

46 - ----------f],7 -48 .1-- ~~-----'----'''-- --·--·· ------
+ 

. --·· ---------- ___ ..: 52 _:_2__9!) ~--- __ _,_ __ .,.~_ -·--· __ : ----·-· __ : 
S3 -. -------------:....._::;.:::...__;. _____ .... -- .. -.. ,.. ------- -- ·- --·----

_______ ___,J,r:.....;:54;;o=....__,_ ___ _,__ ___ __:__-_ __::_ -------·-
: _______________ ~·~5~·5~~-------~--------· 

56 
Lett 2 Bt~J 3 RUs: 57 :!!o,l,2,~ 

:292 
:l~o.4, 

295 . . . . ----------'-0----..=::..=--...__ ____ ---··, . -----·- --~:;;-· 

SelilO -----~'~!'.__: ---- _:_ ~4 "I!~ : 

..:...~=~IL::f1V::a:t:i~o:n~~-=--=--=-:~:::~E---=-----'----- ____ ~·--- -=~~li~iii:: .59 ~ -- -·-. ___ :__11 7' '6 
: Oease ttMng . . . . . . 
:~ut,.:r;,r ris-.ht_ --~- _,....:.!:v,l 1 21 $ __ ..;._...!:._ _ -----·· __ .. __ _ 

: ~t-~:::1~~ . ~~ : ~~u:~o : =-=-- --~~=-~-~~~=---- _ -~-- . ~~=:= = 
------ ~ __ "}_":-' __ ; -- ~~~: t: ____ · ______ ---- -----------
: ro,l Lef.; 10 : 6·! :::o.l,Z,~ 

------ : 2~(, - -·- -·- .1 J::: ·t _:.__- -- .. ! 
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Regen ot Test ot HS·F1lled 156-mm. Hawitser Shell 
TeBt 'b' • ARmest 28, 198!~ 
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REPORT 

OP 

!EST OP BS PILLID 1&6-!!t BOIJITZER S!ilt.L 

!EST "D" • AUGUST 29, 1981 

1. Objeot. !he objeot ot this teet was to detenliae the DWIIber 
or 166 -. howi t&er ahell tilled w1 th HS• which 11 required in open 
countey Wider the meteorological condi tiona which exi ated at the tiM 
ot the teat• to produce SO~ oasualtiea• requiring ~acuation tor 
hospitalisation. 

2. Anthority. This test waa conduoted under authorit,' oontained 
in the Project Program tor Edgewood AraeDal• tor the year l9SS, under 
Projeot A 1.1-lb • "156-mm. Shell• Mil (how.), BS Filled." 

a. , Pre'dous Testa. A test wa• oonducted on J"ebruary 16th and 
17th. 19S3, in which 36 shell tro.a each ot tour lote ot shell• represent• 
ing the shell used in the present teat, were tired trcm service weapou 
to detend.ne it the ahell tunotioned norM.lly. but 11.0 attempt wae made to 
determiae the gaa oonoentrations eet upo 

A aeoond teat was conducted on Jlq za, 1932• in whioh 
40 ahell were tired tor i11paot on a target 100 ;yard• wide by 200 ;yards 
deep. From a preliminary atud;y ot the results 1 t waa eatiated that 
it would require about 25 shell per 100 yard square to produce SO% 
easual tie•• when JU.n ia protected wl th gaa mask only. 

A third teat was oonduoted on June 11. l9S2. in whioh 
40 ahell were tired tor impact burst o~ the same target uaed in the 
previous teat. It waa eatU.ted• troa a preliminary atud;y of the 
reaulte of the teat• that about 14 shell per 100 yard aquare are re
quired to produce S($ oaeual ties• when :man is protected with pa maak 
only. 

A tourth test waa oo:nducted on August, 41 19S2a 1D which 
40 shell were tired tor ei'teot. The fourth test wa.a tired about one 
hour before sundown whereaa, the two previous teste were tired at 
9 a.m. It was estimated trom the results ot the fourth teet• that 
about 8 ahell per 100 yard aquare are required to produce 5o% ~•aualtiea, 
when man ie protected with gas mask onl7• 

48 ~ateriala Used in Present Test. 

a. Shell. The shell used was the XII, 1.56 lllllle howi t&er• 

Appendix E 



tilled with BS• from War Re1ene. !he hi1tory of the 1hell ie ginn 
1a report of te1ta A. B, ucl c, referred to 1n paracra.ph s. 

be !he booeter Uled 118.1 the • 1I•Be 

ce !he tue used wa1 the Kill l•D£. P.D. 

d. •uaber ot Shell U1ed. Fort,-seve~ 19· tor adju1tment 
and 28 tor etteet. ' 

e. Bowit&en. A 'batter)' of tour l&a-.. b.owit&er• -.. 
Uled under ocwwacl ot Captain w. J. B&u. ot the Sixth Field Artilleey. 
!be hawitaer1 were set up on •c• field in the vicinity of ooordiDate• 
890•'• l819ol •• lhOIID on the 1peoial aili tary •P ot Gun Powder Ieet, 
prepared aDder the clireotion of the Chief of BDcineer•:• u.s • .Anti', 1923. 

6. !an;et Area. !he target area wa• & reotangu:lar tleld ot 
opn country 100 1'1• wide by 200 )'de deep, lecated on -s:• field 1D the 
vioirdty ot ooord1D&tee eeo.&, 18M.o with the loac u:i• oriented 
to Uu of tire. the &rea ..... COTered with erase ud. 118edl haviD& 
an anrage height of 1 to 2 teet. It was dinclecl int:o lO.J&ri 
equaree \7 plaoing mumbered 1takee at lO.yd. inte~lle Paper panel•, 
1ampl1zag •ohi1101 a.D4 ui•ll were placed on the area to dete1'111M 
the etfeoti .. aee• ot the ga1 conoentratioa set up. Chart 1, 
aoooapanyblg tld • report, show• the target area ae it ••• prepared 
tor the teet with poeitiou of &Dblale, panell &ad saapli.Bg •ohinee. 

s. !zpel'iaental. 

•• Metbocl of Coaduot15 Teet. Arter &djultMnt, the 
hcnritaere were ranged oa the target ud tired as rapid.lJ aa po1eible 
with ohaDge 1a ele~t10D tor di•tr1'but1oa of impact• c'ftr the target 
area. On oa.pletillg the tirimc of the shell, the paper panel• were 
collected tor tabulation of re.ult• and the aat.&l• oa the target area 
&D4 at pod tioas clowmriDd. troa the target area, were ~wcl at detiai te 
period1'&Dd replaced by other animal•• Al•o durin& the ttrtag period 
&ad the aniul expo1ure period•• ftpor s8llple• were takft w1 th the use 
ot field 1ampliag aacbime•• !he meteorological data .. re recorded 
duriug the period of teet. 

b. Firi!l of Shell. 

(1) .Adju•t.ent of Bowi:taers. !he :MwS:taer• were 
adjul'tecl in parallel 'oa a ~,et abOut ioo Jd.• east ot the tar,et area 
UaiD& 19 •hell tilled w1 th HSo Firizac tor &dju•taent; be,an at s.69 , .... 
and euecl at te39 p... !be i.apaots were recorded •• tollow11 

J.ppend1x B 

18 hip order bur•t• 
1 ricochet 



(2) Ping for Effect. When tiriDg j~or ofteot• the 
howitzers were ranged in parallel, usi~ two elevatic,ns tor distribution 
of impacts. rh.e range wae about 6100 Jd• Firimg lltarted at &.23 p.m. 
aD4 ended at &.36 p.m.. a period of 13 mine From ol)seMatlon at the 
Q.P., the impacts were recorded as follows• 

17 high order burets 
3 low order burets 
7 elude 
1 ricoche-t 

A. photostatic copJ ot a memorar.dum da'ted September 1. 1932• tc tho 
Technical Director from the Battery Commander, gi 'rlnj~ the tiring data 
bJ round, ia attached to this report. 

(3) l!pacts. !he positions of the impacts, 1nclud1Jll. 
dude and burets, are shown em Chart 16, or the 28 shell tired for 
effect~ 22 registered em the target area ot which 16 were burets aDd 
'1 were dud•• In addition• there were two burets within 30 yd. ot 
the target area. 

c. »eteorologioal Conditione. the following meteorological 
oondi tione prevailed during the tiring period aDd the periods following 
dU!"iJI& 'W'hioh "t'&por samples were taken a:ad animals were exposed on the 
target area. 

Date - e-29•32 8•29•52 8·29 to 8-30.32 8-30.32 
5.23 to 6.46 to s.:s6 p~s. to n.oo a.me 

flme - &.46 p.m. 6e36 P•• 9 el:lO a.m. to 3e00 p.-. 
Air temperature Of. - 84 to 82 83 to 80 80 to 68 79 w 84 
Ground temperature °F. • 91 to 89 89 to 81 81 to 71 91 to 100 
Ground coDditian • very dey wrydrr wet • rain wet 
Relative humidity % - 60 60 to 78 78 tc 92 68 
Wind velocity m.p.h. 2e9 s.o 1.'1 6.1 
Wind direction sw Sir Slf • S:tey .. partly oloucly partly cloudy • rain partl7 

oloudy- cloudy-

'1. Results. 

a. Liquid BS. 

(1) Size of Liqui~ BS Drops. rho dlatr1butien of the 
liquid liS was registered by mea.ne of paper panela 8 inohea square, plaoecl 
flat on the ground a.t eaoh stake pod tion oTer the e:r:ttire target area. The 
p8D8ls ha'rl.Jl& HS drops ot a siae in exoeee ot 0.1 mg. are tabulawd in 
the following tablea 

Appendix S 



Table No. 1 

Sise of BS Drop• 

Number of· • · Kiilila · ii&rts drf' ol aise 
drops :O.l to S 0.6 to I fetO I O"f''"r 

OD pue1 1015 f:li• I t..o :.a• s.o :.8! I 3··~ 
1 I 0 t 15 t I 

2 to 10 I 9 I 2 I ! I 1 
11 <to 20 • 2 I I I 

Over 20 • • I I 

Janel• on which drops ot above aise were re£iatered- 11. 
Total panels exposed on the target area - 229. 

(2) Eatimated I!! Caaualt1ee from Lig_uid BS. 

(a) Ken Protected 'With Gaa Mask but Without 
Protection ot Impreljnated dlothing. ' 

The paper panela nre tabulated tor d·eneity of pe.ttern 
uainc the gradings hea"'7• medium. light aDd trace. .&. photoatat 
ot the aoale uaed in grading the panels ie attached to this report. 
The panel grading• are tabulated 1n the .f'ollowing table• together 
with eetimated man casualties. 

Table lllo, 2 

Eniatecl llan Casualties 011 Ter11et Area trom Li9!!;id BS 

&ei 1 Paneia olaseit1ed I Es~t.ated .an oaaualtiee 
pattern alumber 1 Percent ot I when Jllll.n is p:roteoted with 

I t. total oa I gaa li&Sk only 
I 1t&r5et area I 

Hea'VY • 1 a s.o I 3.0% 
KediWD. I 8 I s.e I 3e6% 
Lit;ht I 13 I s.'t I 4.&!( 
Tre.ee I 43 I 18.8 I 11.3% 
tio BS I 168 I 69.0 I 
Total I 229 I loo.o I 22·• 

Froa the resulta in table t. i't is eatimated that pe•raonnel exposed 
on the target area during the tiring period proteate'd with gas tnalk 
onl1. would eutter about 22.4~ casualties. the po•ition ot shell 
oratera and estimated man oasualtiee trom liquid HS ie shown graphi• 
oall7 on Chart 2e 
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BOD. !he baais f'or the man oaaualt7 eatiJiatee ginn ill 1;able 21 is 
explained in report of Teat •A•. oonduoted Ma1 23• 19321 referred to 
in paracraph 3 ot ~he preaent report. 

The paper p&Dell were tabulated tor JJ:!lBlber and aile ot 
BS drops on panels in whioh the drop aile was in exoess or o.s mg. 
!ho results or the tabulation. togoth~r with estimated man casualties. 
are given in the tollowin& tables 

Table No. S 

Eatt.ated Man Catualtiee on Target Area from L1iuid BS 

llae ot a limber ot 1 

HS drops a p~ele • 
I 2 

llgo • o.6 to • I 

loO • I • 
Over 1.0 a 2 I 

!otai 
!rotal panele on area • 229 

• 
.0 • o.9 

100 I o.9 
1,8 

liOfl. Man oaeualtiea in table s. were esti•ted f'r<Jm data turn1ehe4 
'by the Protective De"f'&lopm.ent Division. The be.sh tor the eatU..'ter' 
i1 e~lained in report of' Test •A•. ooDduoted May 28• 19321 whioh il 
referred to in paragraph 3 ot the preaent report. 

b• l~imated Jlan Canaltiea trom liS V&p«?!.• Vapor auplbg 
-.ohinea were placed to take arunplea at poli tiona iudioated on Chart 1. 
In eaoh ot the tables whioh follow• representi~ag th•' dttterent eu~pU~ 
period•• tbe sampling position. are deaignated b7 letter•• The HS 
Yapor oonoentratiaa• o.t. Talue• and per oent estimated -.n oasualtiee 
trom B8 n.por, are included in eaoh or the tables. 

!he oeto value is equal to the 'Vapor concentration 
in m1111graaa per liter. times the expoaure period :tn minute•• Batimat
ed man oaeualties are based on the o.t. value usinc the eTaluation 
eurv. represented by Graph 1. The per oent ettimated .an oaaualtiee 
given in the following table•• r•pr.sent man protected with gas maek 
but without the protection or illlprepated clothiDge !he aampliJli-tlae 
periOdl siwa in the sub-paragraph heading• are OD.l:y approximate. 



(1) On the Target Area. 

(a) Fir1¥ Period and Followi5 10 Jlizmte1. 

!'able No. 4 

Saapfiacallnatioaa 8a))l1!J Period ·1voi. ola 
aiiizl.1 

BS a Vapor re,t, aE.ttmate4 .an 
polit10DI ot 

a Alllple 
• 
I 

• Ft. 
F I 0 
lt I 1 
0 I 0 
G I 0 
L I 1 
p ' 0 

• ftM air aaa.pledaeoncen·•~lueleasaaltiel wben 
I I INDPlecla 1trat.icm.1 tan 11 proteet-
I I I I I I IH with PI 
I I I I I I ••U: wz: 

literet I mg.,/1.1 
I 

I ~ I I I mg. 
1&.23 to 6e46 P•llle I 23 I 824- I 3~1 1 .oosa a .o9a 81 
15.23 to 6.48 p.-. t 26 I 88! I 43~~ I .0491 I 1~301 100 
a6,2S to 6,61 p.m. I 28 I 1004 I •• 1 I .0041 I .u, 100 
16e2S to 6,47 p.~ I 24 I 808 I 9.1 I .0113 I .27t 100 
a6.2S to 5.49 p.~ I 26 J 904 I 10,9 I ,Oltl I .s1a 100 
t5.23 to 5,52 P•~ • 29 I 1008 I 44.T I .0443 I 1.291 100 

Average §9.5 

(b) Fit'ty Jlinute Period, 10 to 60 Jlin1 .After Firi¥• 

fabls No, 6 

S.mplingalleV&tiona !!!Pli!!Jt PeriOd 1'Vo1. ot1 BS 1Vapc,r loet, &Eettmated man n. siln.a positiona or I air · uaq>1edsoonc,en-avaluesoaeu.a1tiea when 
I 8UI.ple I I uqpleda atrationa 1man ia protect. 
t I I s 2 I I ted with ga1 
I I . 

' I I • amaalc onl . 
• • I p.m. I t iteraa .mf;• • mg. • • ' F I 0 a6,47 to 8.36 J 49 ' 1164 I a • ., a .oo&o ' .241 100 

I ' 1 15e49 to 6.36 I 4'1 I 16'18 2 48,2 a e029l I 1,3Ta 100 
0 ' 0 :5.52 to 6.36 '"' I 1674 I o.o ' eOlX)O I .cos 0 
G I 0 a5.48 to 6.36 ' 48 ' 1616 I 14.4 I ,0089 I .421 100 
L I 1 t6.61 to 6.36 I 46 I 1562 ' 11.4 I ,0111 I .60t 100 
p I 0 t5,63 to 6,56 I 43 I 1494- s T914 . .0532 I 2.S9t 100 . 
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(o) F1r1pg Period and FollowiDJ BoU£· 

Table Not 6 

SempliigaElevationa 
positions ot 1 

a sample 1 

Sapling period · ~Volo ot'a iiS aV.por ao.to 1lstiiii8:ted man 
Time ailln. a air uamp1eda ooncen-nalues oasua1 tiel when 

a asempled1 a tre.tion1 nan 11 protect-

c 
T 
8 
F 
I 
0 
G 
L 
p 

• 
I 

I 

I 

I 

I 

' I 
l 

I 

I 

• 

tt 
1 
1 
1 
0 
1 
0 
0 
1 
0 

I 

I 

I p~ 

1 6.2~ to 6~36 
a 8.21 to 6.36 
1 5, 23 to 6e36 
1 &.23 to·a.zs 
1 &.23 to 6.36 
1 5.23 to 6.36 
I 6.23 1:o 6,36 
a 5.21 to 6.36 
a s.2s to s.3e 

a I I I I :ed wit]} gal 

f I I I I :mask~ 

a 1 llteras ag. a IIC•)f•' ' ;t 
& 73 I !600 I 5a9 ' .0024 ' o1Ta 100 
: 73 I 2616 I 12.3 I o0041 I eS41 100 
I 73 I 2580 I 4e6 I .0011 I .131 100 
I 73 I 2578 I 11.8 I e0041 I eS41 100 
I 73 I 2S69 I 91e6 I ,0366 I 2.80t 100 
I 73 I 2678 I 4e1 I .0015 I .111 100 
I 1S I %424 I 23.6 I .009'1 I .T11 100 
I TS I 2466 I 28.3 I .0116 I .84& 100 
a 73 a U02 al!4.1 1 .04-91i 1 3.6oa 100 

(d) Four Hour Period on Day FollowiDG fest. 

Table No. 1 

Sampl1ngill•.-tlana 
poe1t1onl ot 1 

I IIU!ple I 

S...pll! period ·avol. ora BS 1Vapor 1o.t. aBetbated an 
!e 1Jlin.a air ue..'"ll.pleda eoneel:t-t'Valuea oaaualtiee when 

1 1aampled1 atrathn1 tan ia protect-

stake 
182 
182 
182 
104 
104 
104 

62 
52 
52 

I I 

I I 

I fte I a.a. p ... 
1 4 alloOO to 3,00 
a 2 111.00 to 1.00 
a 1 111.00 to 3.00 
1 4 all.OO to 3.00 
1 I all.OO to 8.00 
1 l sll.OO to 8a00 
t • 110.00 to 3.00 
t a alo.oo to s.oo 
I l sl0e00 W 3e00 

s : a 1 ' a ed with gas 
I I I I I tmalk Oal 

a a 11 ter11 :mg. a ag. ·• a 
I 2401 4170 I 0e0 I 9 0000 I eOOI 
2 2401 4170 I 0.0 I e00010 I e001 
I 340s 4170 I 0e0 I e0000 I .001 
I 2401 4800 I 0e0 S e0000 I .001 
I 2401 4800 t 0e0 I .0000 I .00s 
I 2401 4100 l 0~0 I e0000 I e001 
I 2.01 4360 I 0.0 I .0000 I e001 
I 2.01 f360 I 0e0 I .0000 I .001 
I 2401 4360 I 0e0 I e0000 I e001 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

(2:) Outlide ot Target .Area. 

(a) Firi!ll Period aDd Followi¥ Hour • 
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Table No. 8 

SUlfling Period aVol. ota HS aVapor ac~.t. aE1timated -~ SampliagaBlevatioaa 
positions of I T m. aNin. 1 air uam.pled1ooncen-nalueaoaaualties 'When 

I u.mple I l uampled1 stre.tion1 1man is proteoted 
I • • • I I .I lwith 1 ••k onl 
I • I p.m. I I er11 •g • I Dlge •• I 

J t 1 t6o2S to 6e36 I TS I 1287 I 1~6 I .00121 .ot 1 8T 
J I 2 1&.2:5 to 6e36 • 73 I 1287 I s.s I .002'71 .20 • 100 • 
J I ' 16e2S to BeSS ' 'TS • 1287 I s.1 ' .00241 .18 I 100 
'I I 1 16e2S to 6.36 I 73 I 1308 I o.o I .00001 .oo I 0 
E I 2 16.23 to 6e36 I 73 I 1308 I o.o I ~00001 .00 I 0 
I I 4 15o2l5 to 6o36 I 73 I 1S08 I o.o : .oOOOI .oo 0 
Jl I 1 16.23 to 6.36 I 1~ • 1308 I o.o I .oooos .oo 0 

• I 2 16.2s to s.3e I 73 I 1308 I o.o I .00001 .oo 0 
I I ' t611 ?.3 to 6o36 ; 1~ I 1808 I o.o I .00001 .oo 0 
R I 1 t60 23 to 6.36 I 73 I 1287 I o.o I .oooo I .oo 0 
R I 2 16o23 to 6.36 I 73 I 1287 I o.o I .ooool .oo 0 
R I 4 16o23 to e.~ I 13 • 1287 I OoO I .00001 .oo 0 
D J 1 16e2S to 6.36 I 73 -~ 1260 I OoO I .00001 .co 0 
D I 2 t6o23 to e.:ss I TS 1 1260 I o •• I .ooos1 .o2 so 
D I 4 168 23 to 6.36 I 73 I 1250 ' 0.4 I .00031 .02 30 
H I 1 16o23 to 6e36 I 7S I 1230 I OoO I .OOOOt .oo 0 
H I 2 t5o23 to 6~36 I T3 I 1230 I o.4 I .00031 .02 so 
H I 4 1&.2~ to e.36 I 73 I 1230 I o.• I .oooss .02 30 
]( I 1 16.23 to 6.36 I 73 I 1270 I Oo4: I .ooos1 .o2 30 
:M I I t5e23 to 6.36 I 'TS I 1210 . o.e I .00061 .04 t 50 . 
111 I 4 16.23 to 6e36 I 73 I 1270 I o.a I .00061 .04 I 60 
Q I 1 15.23 to e.ss I 73 I 1270 I o.o I .OOOOt .oo I 0 

~ I 2 16.23 to 6.36 I '13 I 1270 I o.o I .ooooa .00 I 0 
Q t ' 15o23 to 6e36 I '13 I 1270 I o.o t .ooooa .oo I 0 
u I 1 15o2S to 6.36 I 73 t 1S08 I o.o I .oooo1 .oo . 0 • 
u I 2 a5.23 to 6.36 I '13 I 1308 I o.o I .oooos .oo I 0 
u I • t5e23 to e.3o I T3 I 1308 • o.o I .00001 .oo t 0 

.,. Eatimated Man Casualties Based on Effects on Animals. 

Animals were plaoed an and downwind from the target 
area to deterreine effect of the vapor concentration set up and how 
long the HS persisted on the impact area. The posi tiOll of the animals 
durill£ the various exposure periods is shown on Charts I) to 10 inclusive. 
The animal oaeualties and the estimated man casualties• WhP.n man is 
protected with gas mask only. are given in the tables wl1lch follow. 
The man oasualties are estimates made by the Medioal Research Division 
who observed and studied the sffects or the HS on all alrlmala exposed. 
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»an oa.ual tie a eatimated trom. etfecte on animala ars alu"m on Charta 
11 to 16 b.olulli""'• Oil the charta ae well 1.1 1n the table• which tollcnr, 
the following aymbol8 are used to de1ignate the nature of the animal 
oasualtya 

L ~ Grose pathology of lung 
R • Reapir&tory ey.mptoma 
~ - First degree akin burn 

82 • Second degree skin burna 
s3 - Third degree akin burna 
E • Simple oonjunotiTitia 

E2 .. PUrulent oonjunotivi tis 
E3 • Ruptursd cornea 

F .. Injury by ahell fragment 
X • Stomati tb 

(l) On the Target A.rea. 

(a) Firing Period and the Following Ten Minute a. 

Duriag the f'iring period and following ten minutse, 
lS rata and 16 goat• were exposed on the target area. Reaulta are 
tabulated in the following tables. 

The positiom or the animal• are shown OJO. Che.rt 6 and 
estimated man oe.eualtiea on Chart 11. 

Table No. 9a 

~~~mated Man Casualties Baaed on Effects on Rat• 

Stake tlature ott Severity of tPbsition otaEatimated man oaeualtiea 
poaitiontoaaualty I oaeualty I burn 1When man :La protected ~th 

I I t I tia• maak onlz 
is6 I s I light a teet I ida% 
139 I ELS t death I teet s 1~ 
179 I E I light I a 0 
221 s ELS I death I feet a 100~ 

Average oa1ualtiet based on lR re\ pod ti on! lS.T% 
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1!'-b1e_}Jo• 9b 

Estimated Man Casualties Baaed on Effects on Goats 

Stake &Nature of•Severity otaPbsition ofaEat!mated ~•n oaaualties 
poaitionaoaaualty a oaaualty I burn awhen man ill protected with 

I ' I a 1as me:uk onlz 
!9 I E alllOdera te I I 0 
69 I ER a severe I I 10~ 
73 s ERS a severe a bod'y I 10<~ 

11! ' ER smodarate I s 0 
117 I S2R a severe I body I lOC>% 
121 I E alight I I 0 
161 I ERS tcleath I ears I lCX>% 
206 I EaRS a severe I body I lO<>% 
209 I s alight I body I 10<~ 

Awrage casualties based on 16 goat positions 37o5% 

(b) Firing Period and Follovn.n.g 1!23!!:.• 

Daring the firing period and following hour• 15 rate 
and 17 goat1 were exposed on the target area. Results are tabulated 
in the following tables. The poaitionsot the ani:me.h are ahown. on 
Chart '• and estimated man casualties on Chart 12. 

fable No. lOa 

Estimated Man Casualties Based on Effeota on Rata 

Stake aNature ot1Severity otaPoaition otaiatimated man casualties 
politioxuoaaualty 1 casualty 1 burn nrben man i1 protected with 

a 1 1 : gaa maek only 
ZT 1 ELS s death t f'eeis a 10$ 
67 1 ELS &death 1 teet 1 1010% 
Tl 1 BLS 1death s f'eet 1 100% 

115 1 ILS rdeath s teet 1 1()1()% 
119 a BL 1death 1 1 10Q% 
163 I E alight I I 0 
!OS 1 BLS rdeath a tee-t; 1 100% 

Average casualties based on 16 rat positiona 40% 
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Table No. lOb 

E1timated Man Caeualtiea Baaed on Etteota on Goats 

Stake tNature otsSeverity otaPoaition otaEstt.ated man oaeualtiea 
positlonao&aualtJ 1 oaaualty a burn swhen man ill protected with 

I s 1 a e• me.sk only 
I J liR amoderate t 1 0 
9 a 1m naoderate 1 1 0 

45 I ER IJilodente I I 0 
49 1 E3s aaevere 1 body 1 100% 
63 1 5RS uevere a body • lOO% 
89 1 E 1moderate 1 s 0 
93 I E2LS tdeath I body I lOQ% 
97 s EsR ssevere a a 0 

133 a ERS •moderate a body a 100% 
137 a BS slight s a 100% 
141 a EBB saoderate a body a 100% 
181 a EsRS aaevere a body 1 100,% 
185 a E2 ••evere 1 1 0 

225 __ ~~--~~~~a~dea~th~--~·--~b~od~y~~'--·------l~O~O%~~--------
Jierage casualtie• baled on 17 goat poaitions • 47.1' 

(o) Period f'rom Second to 14th Hr. Arter Firing. 

Durlng the 2Dd to 14th hr. after 1'ir1Df:•· 16 rata 
and 9 goata were exposed on the target area. Resultn &re tabulated 
in the following tables. The positions of' the animab are flhown on 
Chart 8 and estimated man oa•ualtlee on Chart 13e 

table No, lla 

Eatimated Man Caeualtiea Baaed on Efteota on Rata --
Stake sUature of: Severity of's Position ot1Eatimated Iraan oaaual tie a 
positionacaaualty a casualty 

I I 

2+ 1 s slight 
11 1 ELS adeath 
7& 1 BLS 1 death 

111 a ELS 1death 
115 a ELS2 sdeath 
119 1 ELS2 adeath 
156 a ELS adeath 
159 t ERS1 aaevere 
l6S 1 m.s2 adeath 
20s 1 BSz 1 death 
201 1 ELS 1aevere 

Average casualties based on 

Appendix E 

1 burn a11hen man is protected with 
I I§&G maak 0~ 
a teet 1 · l 
1 teet 1 l~ 
s feet a 1~ 
I teet I lOQ% 
a teet a lOQ% 
1 teet 1 100,% 
s teet t 100% 
I f'eet I 100}( 
' teet a 100% 
a teet a 1~ 
I teet I lOO% 

16 rat positions 73.3% 
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!able lfo, llb 

Betimated Man Caaualtiel Baaed on Effects on Goats 

Stake 1iature ot1Se~rity ot1Pbeition otaEstimated man oaeualt1ee 
poaitiODIOalualty 1 oaaualty I burn 1when man 1e: protected with 

I • I I Ia' auk onlii:; 
it I ~ lleTere I I 8 
98 I •a a severe I I 0 
9'1 I 12 lleTere I I 0 

13Z I BLS I death I body I 100% 
13'1 I B 1moderate I 1 0 
l•U I Ez IBeTere I t 0 
181 I Ia 1aevere I I 0 
186 I Bz I severe I I () 

J.Terage oaaualties baaed on 9 ,oat politione 11.1% 

(d) Da,y Following Firing (13th to 17th Hour). 

On the day tollcnri.:ag firing. from the 13th to the 17th hr. 
inolus1w1 8 rats and 4 goats -were exposed on the tar@~et area. Reaulta 
are given in the following table. '!'he posi tio!ll of tbe animals are 
ahown on Chart 91 and estimated man oasua.ltiea on ChaJ~t 14. 

!able Jlo, 12a 

Stake 1lature oi'tSeverity ot1Po1ition oftEstimated uan oaaualtiel 
poaitiontoaeualty 1 casualty a burn awhen man ill protected with 

I I I I §al ll&llk only 
116 t E alight tno akin 0 
139 I B a lipt I burns I 0 

ATerage casualties baaed on a rat position• 0 
the 4 goats exposed were not oaaualtiea. 

(eJ Exposed in Shell Crater. Se·ren rats a.nd 1 goat 
were exposed in shell craters for & period of 2i hr, on the 7th and 
9th d&, of the firing. None of the a.nimal11 were casualties. 

(2) Dowmrind :f:rom Target Area. 

(1) Firing Period and Following ~· During the tiring 
period and following hour. 8 rats and 4 goata were exposed at poaitiona 
doWDWind from the target area. Resulta are &iven in the following table. 
!he poai tiona of the animala are shown on Chart 10 s.nd estimated man 
oaeualtiea on Chart 16. 
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Table No, 13 

Eat~ted Man Casualties Baaed on Effects on Goats 

Stake l•ature otaSeTerity ot1Pbaition ottlatim&ted maa oaaualtie• 
poeitiontoaaualty 1 oaaualt7 t burn nrhen man 111 proteoted 

I I I I with gas lll&lk only 
164- t I t light • DO akin • $ 

t I t burJ1 t 
Wane ot the 8 rata exposed were oa.ualtiea. 

8• DiiOUIIIiOna 

a, Shell Distribution. !he shell were tired for equal dis• 
tribution ot impacts oTer the target area. Of the 20 bursts resultin£ 
tra the tire ot 28 shell. fitteen registered on the ~target area and 
two within a distance of 30 7d• trom the target area. The three 
remaining bursts were not looated. The two shell wh:tch burst within 
30 Jde trom the tarset were partl7 etteot1Te on the target area. 

b. I!Paot Area. The number of animal positions included 
within the i~~paot area, as diati:oguiahed trom the target area, was 
44• aDd dDOe each anial was located on the center of a 20 yard 
square• tor purposes ot discussion, the size or the ~wpaot area may 
be regarded as 17,600 ~ yd. The animal poaitiona on the t.paot 
area and the uumber of impact• on each 20 yard square, are giTen in 
table 16• 

c. Estimated Man Casualties tram Liquid BS. 

( 1) Bf'teota ot Meteorological CoDdi tiona. The only 
meteorological factor having any efteot on the size of the area 
coTered with liquid BB• by the burst of a single shell, is wind velocitr• 
The wiDd V.loci ty duriJli the tiring period in the present teat• n.a 2.9 
.. p.h. which was too low to carey the large BS drops very tar. Previous 
field ~•t• have demonatrated, howeTer, that under the prevailing wind 
conditions, a fine BS aiat which will produce a liquid BS pattern 
oorre1poDdiJ11 to trace, •1 be carried 50 yd. or more frClll the 
po1ition of ahell burst. 

(2) Protected with Ga1 Ma1k but w1 thout Protection of 
l!prepated Clothing. Result• tr0111 paper panels giTen in table 2• show 
that per1onnel expo1ed with equal diltribution on the target area duriD& 
the tiring period• would suffer 22.4~ oaaualtiea frcaa liquid BS when 
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protected with &a• ••k only. The ·liquid BS on the area• which waa the 
bada ot the 22e4% eatimated oaaualtiea, waa partly cllle to the illpact 
ot one ahell outlide ot the area, which waa only diglltly effective, 
and to the impact of 16 ahel1 on the target area. Ettecta traa the 
one ahell outaide of the target area, were .ore than counterbalanced 
by etfecta outaide of the target area by ahell which l)urat on the area, 
ao that no aerioua error will be involved in calculation• if the etf'ect1 
of the one upwind ahell ia diaregarded• 

If 16 ahell will produce 22e4% caaualtiea by effect• 
of liquid HS on an area of 231 100 1q. yd., about 14.6 ahell diatributed 
per 100 yard aquare are required to produce 50% oa1ualtiea, when man 
ia protected with gaa maak only. 

(3) Protection w1 th Gaa Jlaak and Standard lllprepated 
ClothiD&• From reaulta in table s, it ~· eatbaated that peraonnel 
protected with gaa maak and 1tandard impregnated olothing, exposed 
with equal diatrlbut1on on the target area during the tiring period 
would 1utfer about leS% oa1ualtiea from liquid BS. 

If 15 shell will produce 1.~ caaualtiea from the 
etfeota of liquid BS on an area ot 2$,100 aq. yd., about 180.6 ahell 
di1tributed per 100 yard aquare are required to produce 5~ oaaualtiea 
when man b protected with gaa uak and atandard imprecnated olothing. 

It ia probable that the effeotiveD8sa ot the liquid HS 
waa very much reduced by the exoeaaive duet cloud produced by shell 
burate .At the time ot the teat• the ground n.a ertr'eme1y dry to a 
diatanee of a toot or more below the aurtaoe, &Dd the' dust cloud produced 
probably abaorbed a large percentage of the BS liquid dropa before they 
reached the ground. 

d. Ettecta of BS V!for. 

(1) V!for Conoentration Required to !'roduco Man 
Caaualtiea. .A diaoua1ion of the expoaure period required to produce 
man oaaualtiea trom HS vapor is given in Teat •.&.•, "Report of Teat of 
HS lillecl 15~ Bowitser Shell", conducted May 23, 1932. Per oent 
oaaualtiea are baaed on the o.t. -n.lue, uaiug the -n.luation curve on 
Graph 1. 
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(2) ltf'eot ot lleteorological Condi tiona on 
Etteotiven.11 ot HS Vapor. A theoretical diacuaaion ot the effect ot 
meteorolo,ical condition• on etteoti~n••• ot HS ~por ia gi~n in 
report of Te1t •A•, -aB tilled 165-mm. HOwitzer Shell•. conducted on 
J1a7 2S• 19S2• 

In the preaent teat, the air temperature waa 84° to 820p. 
Uld wiDd Telooity 2e9 -.p.h. duri13g the tiring period •Dd tollawiD& 
hour. Theae meteorological condition• were very favorable to build 
up a high Taper concentration. although the coDditio:aa were not aa good 
•• in the caae of teat •c•. conducted on Auguat 4• 1932. on account ot 
a higher wind Telocity. 

(~) On the Target .Area. 

{a) Firi;ag Period and FollOffing Ten Mi.nutu. From 
the result• of ~por aamplea in table 41 repreaenting the tiring period 
and following ten minutes, it 11 eatimated that man protected with gu 
mask only, would autter about 99.5% oaaualtiea tram t~e etfeota of BS 
"ftpor. Thia estimate i1 baaed on the average reaul·t;a ot vapor IBlplel 
taken at 6 different poaitions. These poaitiona were not representative 
ot the entire target area, however. aa aome parta of the area were not 
gaaaed. 

Vapor oonoentration figure• tor each ~~0-yard aquare 
on the target area are g1 nn in the fifth column of table 14. The 
figures in this column are estimates, baaed on the reaults obtained 
at the six aampl1Df; poai tions on the area~ the poli t:1.on of nearest 
impaota and the wind direction. From. an aTerage of the figure• in tbia 
column, it 11 eatimated that peraonnel expoaed in the target area during 
firing and the following ten minute• would aufter abclut 77.5% oaaualtiea 
tram the effeota of HS Tl.por~ when protected with gau mask only. 

The per cent estimated caaualtiea far eaoh 20-yard 
aquare., aa giTen in table 14, ia ahown graphically on Chart 3e The 
ahaded area on the ohart repre•enta that part of the area on which 
10~ oasus.l tie • would be produced by the effects of liS vapor when 
man i • protected w1 th gaa maak only. The per cent c)a.ual tie a 
ahown on Chart 3 are baaed on the ef'feots of 16 ahell• It 16 •hell 
distributed over an area of 26,400 aquare yard• will produce 77.~ 
oaaualtiea by effeot1 of HS Tl.por, it will require theor'8t1ee.Uy 
about ' •hell di•tributed per 100 yard aquare to prociuoe 60% oaaualti••• 

A brief atudy of data repreaenting amae ot the previou• 
teats of HS filled 155~ ahell• ahow that the •~rage spread of the 
liquid BS at right anglea to the wind. from a lingle ahell• ia about 
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20 Jd• On th11 baei1, 6 1hell correctly plaoed will oover a trout ot 
100 Jd• Re1ult1 ot te1t •c•. ooDduoted Augu1t 4, 1932• lhOW that 
BS vapor will clritt downwind. to a di1tanoe of 100 7'4- or more, from 
the po1ition of bur1t and produce oa1ualtiea. Con1idering the•• facta, 
4 ahell per lOO.yard •quare• aa figured :I.Jl the preoedi:og paragraph• ia 
theor•tically ample to oover the area auttioientl7 to produce 6Q% man 
oaeualtiea under the favorable .. teorologioal ooaditio~ Which ezi1ted 
at the ti.. of the preaent te1to 

(b) ll'iri¥ Period and li'ollowiy Bour. The reaulta 
ot n.por aemplee, repreaentlnc tM tiri-c period and loiiOwing hour. are 
giftn in table 6• !he figurea in tb11 table were u1ed in eltimatiDg 
the average TapOr oonoentration tor eaoh 2o-,&rd aqaare on the target 
area• a1 giwn in the tittll· oolumn ot table 18. The .tigurea in thil 
oolumn tor eaoh 20.yard aquare• are eatimate1 baaed on reaulta obtataed 
at \he ala. 1ampling poaitiona on the area• the poaition ot the impaota 
and the wind direction. · Ba1ed on the tigure1 in thia oolumn, per10D11el 
expoaed on the target area during the tiring period and following hour, 
YOUld auff'er about 83o~ oa.ualtiele 

Ca1ualtiea from the etteota ot HS vapor are ahawn 
graphically on Chart 4. The 1haded area represent• that part of the 
target area. on which it i1 eatimated loo% oaaualtiea would reault from 
HS ftpor, on expo1ure during the tiri~ period and tollowiD& hour,. 
when man i1 protected with gaa maak only. 

It 15 ahell di1tributed on an area of 26,400 1q. yd. will 
produce 83.4% oaaualtie1 by effect• of HS ftpor, it will require about 
30 4 1hell diatributed• per lOO.yard square to produce so.% oa1ualtiea 
trom HS ftpor• when man is protected with gas ••k only. 

The number of 1hell figured per lOO.,.rd 1quare to 
produoe 50% c&~ualtie• i1 about the l&me tor the tiri~~& period plu1 
the following 10 llin. and tirin& period plua the f'ollori:ng hour. ru. 11 
due to the faot that the o.t. vapor value• tor the tiring period plu1 
10 mine 'ft. I 1utt1oiently high to produce 100% e1tilllated oa1ual tie a over 
a large percent~ge ot the target area, oon1equently, the 60 min. 
additional expowure period• repre1ented by tiring period plu1 one hour, 
would reiUlt in only a few additional casualties. 

(c) Four Bour Period on Day Followil!fi Firing. 'f'he 
re1ul~1 of' vapor l&mplea, ea the day tollGWing tiring, are given in 
table T • The 1ampling period wa1 4 hr• and the re1ult1 were negatiTe• 
The tact that negative reault1 were obtained is not conclusive eiidenoe 
that tho area oould be occupied by personnel without ca1ualtiea 
relultiDg a1 it is very dittioult to sample lowr conoen.trationa o£ HS w.pore 
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(2) Outaide of the Target Area. 

Eatix.ted man oaaualtiea at aampling poaitions outaide 
or the target area are given in table B tor the tiring period and 
:f'ollowi~ hour. Vapor aamplet wore obtained upwind from the target 
area as well at dowuwind. The upwind aamples were duo to a shell 
impact weat or the target area. It ia oatimated from the resulta of 
1amplea taken at poaitions downwind that peraonnel stationed 70 yd. 
dowu.ind from the impaot poaition would sutter oasualtioa if expoaed 
during the tiri~ period and following hour w1 th only gaa mask protec
tion. 

•• Eatimated Man Caaualtioa Baaed on Effect• on Animal•• 

Aaimal oaaualtiea and estimated man caaualtiea based 
on effect& on animal• are included in tables 9a to 13 inolusive0 

.Ailimal positions~ animal casualties• and oatimated IIWl casualties, baaed 
on e:f'feots on; animal•• are ahow.n on qparta 6 to 16 inclusive. 

(1) Estimated Jtan Ce.aua.ltiea on the Target Area, When 
Li ia Protected with Gas Kask Onlz. 

(a) Firi5 Period and Following Ten Kinutea. 

Fram tho animal casualties given in te.blea 9a and 9b, 
it ia eatimated that man protected with gas maak, exposed on the 
target area durin& tho firing period and following 10 mine, would 
autfer 16.1% caaualtiea baaed on rats and 37.~ baaed on &O&ta or 27ol% 
baaed on rata and goats. 

{b) Fir1D§ Period and Following E.2E!,• 

Eatimated man casualties on the target area for tbe 
firing period and following hour are given in tables l.Oa and lOb. 
It is estimated that man protected with gaa maak, would auffor about 
4~ oaaualtiea baaed on otteots on rata &Dd 47.1% based on goat. or 
about 43a6~ based on rata and goata. 

(e) Period from 2nd to 14th Hour After Firing. 

Estimated man caaualtiea due to expoaure on tho terget 
area duriD~ tho 12•hro period from the beginning of the 2nd hr. after 
tiriD&• are given in tables lla and llb. From the AILimal oaaualt:iea 
it ia eatimated that man oe.aualtiot would be 73.S% baaed on rata and 
11.1% baaed on goata or about 5Q% baaed on rata and goats. 
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(d) Day Following Teat (13th to 18th Hour). 

El'timated man oaaual tie a due to exposm•e on the target 
area on the day following tiring• from the 13th to the 18th hou~, are 
giTen in table 12a. The reaulta were negative but that doea not poaitiTe
ly indicate that the area could be occupied by peraonnel protected with 
gaa ma1k only• aa the akin of man is much more auaceptible tc HS vapor 
than that of a goat or rat. 

(e) !$poaure in Shell Cratera. 

None ot th8 animab expoaed in ahell O'raters tor e. period. 
of 24 hr. on the 7th and 9th daya reapectively atter :ti~ing were oaaual• 
ties. Thia waa probably due to the very dry condition of the ground and 
high temperature condition after the teat which resul·ted in rapid 
evaporation of the BS. 

(2) DOWl'l'WiDd frOJil Target Area. 

The reaulta of animals, atationed dowuwiDd from the target 
during the tiring period and following hour. are ginn in table 13. 
Ot the 12 allimala exposed• only one waa a alight oaau.alty. Chart 10 
ahori~ animal poai tiona, ahell oratera and wiDd direction, 1Ddioatea that 
only about S of the 12 llllimall exposed were actually downwi:ad frora the 
poaition of the ahell oratera. The animal which waa a oaaualty waa 
located about 100 yd. dowmriDd, in the direction Of wind traTel, from the 
neareat ahell crater• and ita na.ture ot oaaualty waa not interpreted, by 
tbe Medical Reaearoh DiTision• aa repreaenting a :.n ouualty. J'rom the 
data aTailable, it 11 impoaaible to atate definitely whether peraonnel 
1tationad 100 yards dowmrind from the poli tion ot 1Dq:~aot• would be 
oaaual~•or not, when protected w1 th gaa mask. 

t. CO!Pariaon of Per Cent Estimated Man Caaualtiea Baaed on 
:W.aaurem.ents ot ;the diu Concentration &Dd by Efteota on 
A.nbala_, ihen Man b Protected with Gaa Maak Only. 

(1) Firing Period and Following Ten Minute a. 

In Table 14• eatimated man oasualtiea are giTen for eaoh 
20•yard aquar•• baaed on the following etteota Abd method• ot figuring 
caaualtie•• when man protected with gal maak only il oxpoeed on the 
target area during the firing period and following b'n minutes. 

Jppendi:x E • lB • 



(a) HS liquid uliD& panel data 
(b) HS 'ftpor from 'V'&por aamplea 
(c) Combined etteot of BS liquid and HS 'ftpor 
(d) Bfteot on animala. 

Figure• in thia table show that 100% caaualtiea would 
be produced on 809 o,% of the target area• baaed on the combined effect 
of HS liquid and vapor and 2S.S% baaed on effect on animal• or 51. TJ' 
baaed on an average of the two method• of figuring oaaualtiea. 
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Table Bo• 14 

Estimated Casualties on the Target Area Repreaent:i:ag Exposure 
During Firin& and Follo:1Jl6 10 Vinut~ 

{Area 26,400 sq. ~· ) 

Stake Bo.ai.paotasFrom BS liquidsFrom HS ~poraFram HS liquidsFrom effeots on 
at oenternrithin alhtimated man so.t. 1Est.mana and ~por •-:-~a;;;XI;;,:1:;;;m;;;a;;;;;1.-•_-=-~---
of 2o-yd. a2o-yd. 1 oaaua1tiea svalueacasual-sl!stiJDB.ted man a~1 sEat. -.n 

1 
3 
6 
7 
9 
ll 
23 
26 
27 
29 
31 
33 
46 
4'1 
49 
61 
63 
66 
67 
69 
'11 
'13 
76 
rr 
89 
91 
113 
96 
97 
99 

111 
113 
116 
llT 
119 
121 
133 
136 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

• 
I 

I 

I 

: 
I 

I 
I 

I 

J 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

0 
0 
2 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
I 
0 
0 
1 
0 

a • sties a ouu&ltiea laaaualties acaaua1t1ea 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

J 

I 

' s 
I 

I 

I 

16 
20 
63 
10 
40 
15 

0 
13 
44 
63 
24 

0 
0 
0 
1 

38 
63 
10 
23 
0 

18 
20 
22 
10 
2'1 ., 
21 
13 

0 
0 
0 

13 
42 
46 
18 
20 
23 

'1 

I I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

' 
I 

.001 

.001 

.161 

.lOa 

.o4s 

.o4a 

.oo. 

.os1 
el6a 
.20s 
.161 
.lOs 
.oo. 
.lOa 
.161 
.so1 
.so1 
.,201 

• .ooa 
a .oea 
I .161 
I 

I 

I 

.20s 

.2oa 

.loa 
a .loa 
a .lOa 
I laOOa 
a .soa 

.261 
I .161 
a elOa 
I .lOa 
a 1.001 
a le30a 
1 .soa 
I .201 
1 elOa 
I elOa 

I 

0 I 

0 I 

100 I 

93 I 

50s 
60 I 

0 I 

67 I 

100 I 

100 I 

100 I 

93 I 

0 I 

93 I 

100 I 

100 I 

100 I 

100 I 

0 I 

80 I 

ioo a 
100 I 
100 I 

93 I 

93 ' 
93 I 

100 I 

100 • 
100 I 

100 I 

93 I 
93 I 

100 I 

100 I 

l.QO· I 

100 t 

93 I 

93 I 

13 
20 

100 
98 
70 
68 
0 

64 
100 
100 
100 

93 
0 

93 
100 
100 
100 
100 

0 
80 

100 
10:1 
100 

M 
96 
94 

100 
100 
100 
100 

95 
94 

100 
100 
100 
100 

96 
94 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

0 
0 

0 

0 

I I 0 
I I 

al aoderate a 0 
I I 

I I 0 
I I 
I I 0 
I I 

I I 0 
t I 

I I 0 
I I 

aER severe a 100 
I I 

aERS severe s 100 
I I 

I S 0 
I I 

I I 0 
I I 

I I 0 
I I 

I I 0 
I I 

IER modere.te I 0 
I I 

aSaR aeTere a 100 
I I 

a'8 light 1 0 
t I 

IS light I 100 



Table No. 14 (Cont'd.) 

S\Ake no.allllpactad'rom BS liquidaFroa BB wporaFrom BS liquidaF'rom etf'eots on 
at eenterawithin aEstiaated man aeot• aist.llana and ttpor : anims.l1 
ot eo-,e.a20.yd. 1 casual ties snlue1euue.l-rEstima.ted man alnima~~l:==---~-=E:-st":""'a-· ---n-
• uare aa uare 1 1 ties 1 casualties scaeualtiee lcasualtiea 

I I I I I t I 

lZ"/ I 0 I 11 I .101 93 I 94 I I 

lt.9 a 1 a 40 1 .loa 93 t 96 aiLS death 1 100 
141 I 0 S 24 I e601 100 I 100 t I 

143 I 0 I 0 I .101 9! I 9! I I 0 
156 I 0 I IZ I aOOI 0 I 2'! I I 

157 I 0 I 'f I .081 80 I 81 I I 0 
169 I 0 I 0 I .111 100 I 100 I I 

161 I 0 I 44 I 1.001 100 I 100 IBRS death I 0 
163 I 0 I 31 I J..OOa 100 I 100 I I 

166 I 0 I 0 I .101 9! I 9! I I 0 
l 'T'l I 0 a 0 I .00a 0 I 0 I I 

179 I 0 I 'f I e06a 57 I 61 IE licht I 0 
181 I 2 I 44 I e201 100 I 100 I I 

183 I 0 I 68 I .501 100 I 100 I a 0 
186 I 0 I 32 I .oSa 42 t 60 I I 

18'1 a o a 20 • .loa 93 a 95 s t 0 
199 I 0 I 0 I .001 0 I 0 I I 

201 I 0 I 7 I • 031 42 I 46 I I 0 
203 I 1 I '11 I el61 100 1 100 I I 

206 a o a 66 a .loa 98 a 96 1E2RS severe a 100 
207 I 0 I 13 I .101 93 I 94 I I 

209 I 0 I 20 I .101 9~ I 95 IS licht I 100 
221 I 0 I 0 I .001 0 I 0 I 

223 I 0 I 0 I • 031 42 I 42 I I 0 
226 I 0 I 43 I .061 67 I 82 & I 

227 I 0 I 39 I .101 98 I 96 1ELS death I l00 
229 I 0 I 10 I .101 93 I 94 I I 

231 l 0 I 20 I elOa 93 I 96 I I 0 
Total and I l I I I I 

e.verace I 15 I 21.4 ' I 7'1a6 I d0a0 I I 23.~ 
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The average percentageB given in table 14• are bAsed 
on the total target area. In table 16• whieh follows* results are 
given to include enly the tmpact area, as defined in p~ragraph Sb• 

Estimated oaaualties given in table 161 are based on an 
area of 17,400 aq. yd. on ~cb there were 15 impacts. Results 
in this table ehow an average of 91.4% .an casualties based on the 
etreots or BS liquid and vapor. and 41.2% baaed on effects on animals, 
or an average of 66.3% baaed ou the two methode of figuring casualties. 

!able lo1 16 

lstiaated Casualties on the lepact Area {1?1 400 e~.) 
Firi!i Period and Followin& Ten ~nutes 

Stake no•• Impacts I lstimated man oaaualties 
at centera within aFram BS liquid a Pram effects 
Of 20..yde I 20.yd.sq. a aDd T&por I on ~nimals 
•iuare I I I 

I t I I ioo I 

f I 0 I 96 I 0 
9 I 0 I 10 ' 27 I 0 I 100 I 

29 I 1 I 100 I 0 
31 I 0 I 100 I 

49 I 0 I 100 I 

51 I 1 I 100 I 0 
615 I 0 I 100 I 

61 I 1 I 0 I 

69 I 0 I 80 I 100 
Tl I 1 I 100 I 

?15 I 0 I 100 I 

76 I 0 I 100 I 100 
89 I 0 I 96 I 

91 I 0 I 94 I 0 
93 I 2 I 100 I 

96 I 0 I 100 I 0 
97 I 0 I 100 I 

111 I 0 I 96 I 

113 I 0 I 94 ' 0 
116 I 0 I 100 I 

117 s 2 I 100 I 100 
119 I 0 I 100 I 

13:5 I 1 I 96 I 

1S6 I 0 I 94 I 100 
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Table Noa 16 (Conttdo) 

Stake no.a lmpaote a Estimated man oaeualtiea 
at oentera within a From HS liquid a from effeot• 
ot 2o-yd.a 20.yd.aq. • and w.por J on animall 
•quare a a : 

13'1 I 0 a 94 I 

139 I 1 I 96 a 100 
141 I 0 a 100 a 
143 a 0 a 93 a 0 
165 a 0 I 23 I 

151 ' 0 J 81 I 0 
169 I 0 I 100 s 
161 I 0 I 100 0 
163 I 0 s 100 
181 I 2 I 100 
183 a 0 I 100 0 
186 • 0 I 60 
203 I 1 ' 100 
206 I 0 I 98 100 
20'1 I 0 I 94 
225 I 0 I 82 
22'1 • 0 a 96 100 
229 a 0 I 94 

Total and a I 

&Terage I 15 I 91,4 41,2 

(2) Firing Period and Following Hour. 

In table 16• which follows. estimated man casual ties 
are giTen tor each 20.yard square• when man protected with gas mask 
only., is exposed on the target area during the tiring period and the 
following hour. 
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Table No. 16 

Estimated Casualtiea on the Tar,et Area R!eresenti~ E!Eosure 
During Firi~ and Follawi~ Hour 

(!tea 26 400 ag,. ~·) 

lumber ott IllpaotetFrom HS liquid I From BS n.p,praFrOJil BS liquida !'rom effects on 
stake at tWithi::a. 1Eetimated •n u.t. a!st.mana aDd va.~or 1 animala 
oenter ofaeaoh a casual ties avalueaoaeual-sEstimated man aliimai tEet. man 
•juare ••:auare I a a tie• ' oaeualtie& a casual tiee aoasualtie• 

I I % I I ~ I ~ I a ~ 
1 I 0 I 16 I Ot 0 I 16 I I 

s I 0 I 20 I Ot 0 a 20 I I 

6 I I I 6S I o271 100 I 100 aiR moderate I 0 
7 I 0 a '10 I .lea 100 I 100 a I 

9 I 0 I 40 a .171 100 I 100 tEU aoderate a 0 
11 I 0 I 15 I .o'Ta '13 I '11 a I 

23 I 0 t 0 a 0 a 0 I 0 I I 0 
26 I 0 I 13 a .o9a 86 a 68 a I 

27 I 0 I '" I .271 100 a 100 aET..S death a 100 
29 I 1 a 53 a .s6a 100 I 100 I a 
Sl a 0 I 24 I .271 100 I 100 I a 0 
33 I 0 I 0 I elSa 1 100 a 100 I 

45 I 0 a 0 I Oa 0 I 0 1ElR moderate I 0 
47 I 0 I 0 I .18a 100 a 100 a I 

49 a 0 I T a .341 100 I 100 aE:sS severe , 100 
61 I 1 I 38 I .641 100 a 100 a I 

63 I 0 I 63 I .n, 100 I 100 1E3RS severe I 100 
66 I 0 I 10 a .36a 100 I 100 I I 

67 I 1 I 2S I 0 a 0 I ~3 aBLS death a 100 
69 I 0 I 0 a .16a 100 I 100 a I 

71 I 1 I 18 I .27a 100 a 100 &ELS death a 100 
73 a 0 a 20 a .361 100 a 100 ' a 
76 a 0 I 22 ' .361 100 a 100 a a 0 
'17 I 0 a 10 a .laa 100 I 100 ' I 

89 s 0 I 27 I .lSa 100 a 100 aE moderate a 0 
91 I 0 I '1 I .las 100 I 100 a I 

93 t I I 21 1 laSOa 100 I 100 aE2IB death a 100 
96 I 0 I 13 1 l 0 08a 100 I 100 I I 

9'1 I 0 I 0 a .-45a 100 a 100 aE:
3
R severe a 0 

99 I 0 a 0 I o2'1a 100 I 100 a I 

111 a 0 I 0 I ol8a 100 a 100 I a 0 
113 a 0 a 13 a .181 100 ' 100 a I 

116 I 0 I 42 I 2.601 100 a 100 1ELS death I 100 
117 I 2 a 46 I 1.721 100 a 100 & a 
119 I 0 a 18 a .s4s 100 a 100 tl!:t. death a 100 
121 I 0 I 20 a .sea 100 a 100 a I 
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·······~···- ·---------------

Table Noa 16 (Oont'd.) 

Number otalmpactsaFrom BS liquidaFrcm HS vaporaFram HS liquids From effects on 
stake at 1wi.thin aEst1mated man ao.t. aEst.manl and vapor a animals 
oenter otaee.ch I O!I.I!IUal tieS 1ve.lueaoa.aual•aEsti:mated man 1An:lal tEet. an 
• ua.re 11 uare I I a tiel a oasualties I oe.IUal tie a 1caaua1t1e1 

I 2 I t I I I 

1~3 I l I 23 I .las 100 I 100 1ERS moderate I 100 
135 I 0 I T s .las 100 I 100 I I 

137 I 0 I 11 I .181 100 I 100 aES light I 100 
139 I 1 I 40 I .las 100 ' 100 I I 

141 I 0 I 24 I .90s 100 I 100 1Ell:S moderate a 100 
143 I 0 I 0 .181 100 I 100 I I 

156 I 0 I 23 I 01 0 I 23 I I 0 
157 I 0 I 1 I .l4a 86 ' 100 I I 

159 I 0 I 0 I .us 100 • 100 I I 0 
161 I 0 I 44 I 1.861 100 I 100 I I 

163 I 0 I 31 I 3.60a 100 I 100 IE light I 0 
166 : 0 I 0 I .las 100 I 100 I I 

111 I 0 I 0 ' Os 0 I 0 I I 0 
179 I 0 I 7 I •091 86 I 87 I t 
181 I 2 I 44 I .361 100 I 100 1E:5RS s~vere I 100 
183 I 0 I 58 I .901 100 I 100 I s 
186 I 0 I 32 I .osa 68 I 71 1E2 aenre t 0 
187 I 0 I 20 I .lea 100 I 100 I I 

199 I 0 I 0 I Os 0 1 0 I 0 
201 a 0 I T I .osa 68 I 61 I I 

203 ' 1 I 71 a •27s 100 I 100 tE'LS death t 100 
205 s 0 I 56 1 .16: 100 I 100 I I 

207 I 0 I 13 I .laa 100 I 100 I s 0 
209 I 0 : 20 I .las 100 I 100 I I 

221 I 0 I 0 I Oa 0 I 0 I s 0 
223 I 0 I 0 I .osa 50 I 68 I I 

225 I 0 I . 43 I .13a 100 I 100 aELS death I 100 
227 l 0 I 39 I .091 86 : 91 I ~ 

229 a 0 10 .341 100 ' 100 I I 0 
231 I 0 s 0 I elBa 100 I 100 I I 

Total a.nda I I 1'. I I I 

average a 15 I 21.4 I .371 63.41 85.1 I I 43.8 
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ligures in table 161 shaw lOQ% casualties on 85.1% 
ot the area, based on the oombinod effects of HS vapor and liquid 
and 43.~ based on etfects on animals, or 64.4% based on the two 
methods of figuring casualties. 

Per oent estimated casualties in tables 14, 15 and 
161 based on the combined effects of HS liquid and va:~;tor, are 
considerably higher than corresponding tigurea, based on effects 
on animals. Estimates baaed on effects on animals were very 
conservati,.l;y •de and are probably low. It is alsc1 probable 
that estimates based on effects of RS vapor alone, are high for 
average temperature conditions, so that an average baued on effects 
on animals aDd .trom measurem.enta ot the oombined HS liquid and 
npor present, 1s probably more nearly correct than either method 
alone. 

g. Bumber of Shell Required to Produce 5~~ Han Ca~ualties. 

It was estimated in paragraph 8 c (2) ·that about 14.5 
shell distributed per 100-yard square will produce 5Q% casualties 
from liquid HS, when man 1e protected with gas mask only. 

From figures given in table 15., it was estimated that 
the burst of 15 shell, on an area of 17,400 sq. yd. would produce 
91.4% casualties, based on a measure of the HS liquid ~d Tapor 
present, and 41.~ based on effects on animals• when :man is exposed 
during the firing period and following 10 min. On this _basis, the 
following number of shell per 100-yard square will be re9Uired to 
produce 60% casual ties when man ia protected with gas mask onlys 

Based on HS liquid and vapor aamplea • 4.1 shell 
Based on effects on animals - 10.4 shell 

.Avera.&• T.5 shell 

Based on the two methods of figuring casualties. about 
8 shell distributed, are required per 100-f'lrd square to produce &0% 
casual ties• 'When :man is protected with gas mask only. 

9e Conclusions. 

From the results of the pr,sent teet. the following 
conolusiona are drawn with respect to the use of 166-mm. shell filled 
with HS• when 1"1.red under the meteorological conditiClns existing at 
the time of the test. 

a. The number ot shell required per lOO•yard equate to 
produoe 60,% casualties when distributed as equally as practicable, are 
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ae followea 

(1) When man• protected with gas mask and standard 
impregnated clothing• is exposed during the firing period • 180 ehell 
(see page 14 ). 

(2) llben man, protected with gas mask only • 1e 
exposed during the firing period and following ten minutes • 8 shell 
(eee sub-paragraph a. page 26)• 

10. Recommendations. 

It is recommended that additional tests be oonducted as 
followu 

a. Conduct a test in the late spring to determine effect of 
season on the gas concentration set up. 

b. Use the minimum propellant charge and determine the e££eot 
of angle of impact on the efficiency of the shell. 

c. Deter.mine the effect of terrain by firing for impact in 
woods. 

d. Conduct one teat under favorable meteorological condition. 
on a larger eoale than all previous teats and determine the vapor con
centration aet up downwind ~anthe impact area. 

Report of Teat of HS Filled 
16s.mm, Howitzer Shel11 Test •D• 
August 29, 1932. 

Project A lol·lb 

Typed nsm 12·6•S2 
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Appendix F 

Appcdb: F 

Report o~ Test et HS•Filled 166~. Bowitaer Shell 
feati 11" to WfW Inoluaiveo 

fear 191!. 



OF 

!EST OF BS•FILLID, 166--. HOWITZER SHILL 
fES'lt 111 ti5 1! 1 DC!ttJSffi. 

llil till 

1. 0::;~• !he objeot Of the teeta described iD thia report 
wat to d.ete e the Jlllllber ot HB•tillecl 166-al. bowi.taer ehell requil'K 
Ullcier nrioua field. OOIIdi tiona to procluoe ~~ oaaual tie•, requi.rilt.c 
e~ouatioa tor hoapit&li•atioa. 

2. .&.athoriPo• !hia work wae authorised. in. the Project Prograa tor 
Edgewood. .Ana&i or the tiloal yeara 1932 to 19:14 iaoluli Te uzad.er Projeot 
A 1.1-lb •1aa-..w Shell, Mil Olow.), BS•lille4". It ... a joiDt c.w.s.
Ordllmoe projeat and teete were ooaduotecl iD aoool'duoe 11'1 th prognua out
lined by Ordaanoe C.-!:tt .. ti».utee, Item 9241. 

a. Prnioua Work. Fin teate were eOIIduotH prior to the preeent 
teete, uiq 18-i'liletl 165-llm. ehell troa the aaae lot ot •'WJJ'ition 
ueed 1n tbe preeent teete. A lilt ot the pr~oue teete ia gi~ below. 

h"na17 11 aa4 11 1912 a !hirty-ai.x ehell t roa each ot 
tour lote ot ~ltion repreaentW abell ued 1D the preaeut teete, nre 
tired tor iapact buret to deteraiae 1t the ahell twlotioaecl unally, 
lRat ao attapt was -.de to •aaun the gaa ooaoctration eet up • 

• 21, 19121 Pol"t7 abell nre tired. tor iapaot on a 
target 100 by 2):4. It was eetbtated troa the reeulta that it li'Oulci 
require about 25 ehell per 100 yd. eq. to produce 60% oaeualtiee, when 
pereODDel are proteote4 by gu maek only. 

JUD.e 11 1932: lorty the11 were tired tor iapaot on the 
target ueed ia tlle teat O'lllq 21. It wae eetiu.tecl troa the reeulta 
that about 14 ahell per 100 74••'1• are required. to produoe 60% oaeualtiea, 
whiD ua 11 proteoted by gu aaak only. 

•;•t 4, 1912a Forty ehell were tind. tor etteot on 
a target 100 by rid. I'£ ... eetiaatecl troa t!ae reeult• ot the teet 
that about 8 ehell per 100 yd.. aq. are r.q\Urecl to produoe 5o,C oaaua1t1ea 
wbe peraou.el are proteoted. by gas ••k only. 'l'he tea-. ot Auguat 4th 
wae tired about 1 hr. before euaet whereae the two previoua te•t• were 
tired at I &oa• 
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.lu!iat 28 1812 • flnmt,•eipt ahell were tired about 
1 hr. before aaae tor fiiic;e Oil a tarcet 100 b7 200 yd. l.l'roa r .. ulta 
ot the teat it waa eatiu.tecl that about 8 ahell per 100 ycl.aq. are 
required to produoe 5~ oaaul tiea wha peraODnel are proteoted by gaa 
maak oDly. 

a. Shell. !he ahell uaed waa the KII, 15~ tilled 
with HSe -!hey were obtained troa -.z- Reaern at lclgnood AraeJJ&l ud. 
represent ahell tilled 1D the 7~ 192l•lf22, tor ahipMat to the 
Ha:niia Ialud.a. !he BS uaed 1a tilling the shell waa troa war Reaen-e 
ucl waa probabq •d.• 'b7 the Lninateia prooeaa. !he ..oid. uaed 1a tilling 
the BS illto the ahell 1a not lmowll 1 but wu probabl,- about lo,(, baaed oil 
the ax~ TOluM shell. 

b. Booater. !he boo1ter used wa1 the MVI•B, whioh ooutaiaa 
a burttiDg-aharge ot 29 g. ot tetr,rl aDd 253 g. ot fiT. KaDJ ot the 
booatera in theae &bell were improperlJ seated. 

e. 
detonating'; 

!he tuze u1ed n.1 the JUII auper quick point 

d. Bow1 t&er Ulede In all teat1 a battery of tour hori taera 
wa1 u1ed iii tiriDg t'iie •hell, 1UU:ler 008181ld ot an officer ot the 6th 
Field Artiller,y. !he iaplaoeaent ot the howitaera waa on •c• field in 
the Vicinity ar oeoJ..ti•tel 690e9, 1869.1 1 &8 lhown OD the 8:(e oial ailita.r:y 
•P ot Gwlpowder 1leok, prepared. UDder the direatioa ot the Chief ot Engineer•, 
u.s. AlWT· 

5o !ar1et• In all te1ta the target oouaiated ot an area 100 ,u. 
wide by 200 yd.. deep, looated on •u• field. !he etfecrti't'Cel8 ot the 
ga• ooaoeatration aet up waa deteraiaed with the u1e ot paper panel1 
or 1ilhouettea, 'ftpor 1eapl1ag •chine• and u.iJul.a which were plaoed. 
on the target at dettaite po1itioaa. 

a. Pai!r Paaela or Silhou•tt••• The paper panels or ailhouettea 
plaoed on 'the target 'EO reil•t•r liquid B'S, .. re oolleoted after the tir1Dg 
and tabulated tor she ot BS dropa ad p&tWJ"Jl produoed 1 a11Dg the pattern 
acale attt,ohed to thil report. Panel or 1Uhouette data .. re interpreted. 
&I tollowaa 
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(1) 

.All paper pmela were tabulated. tor pattern uaing the 
grading• n.a..,., mediua. lipt ad traoe, a1 ginn on pattern scale 
acoamp~ng tbia report. Caaualtiea e1timated tram the grading• 
were baaed OD the result• ot laboratOJ.7'h•t• giTell ia M-.orandua of 
Oot. za. 1931 to the Chiet, Bl:lgineeriDg Dh1.11on troa the Chief, Pro
teotin Dewlopumt Di'ridon. Froa the re1ult1 of these te1t1, it 
waa eati-.ted that per1onnel protected by ga• u.lk azul 1tadard iuue 
ot uillpregnated clothing would experiuoe oa•ualtiea a1 tollowu 

fattern on a Sbe ot HS a Eittaated man oa•uaitiea thru 
puel I drope a 1tandard. iuue of tmiJiprepated 

I I olothizag, 
I :.g. I !t 

R llea'V7 I .002 to I 100 
I o.1o I 

I lelia a .tR51 to .ISla 100 
L i!~ ' :aoe : := ;: :=: ~ 

{2) Cuualtiea Ba.1ed. on P8Mtre.tion ot Iaprepated eiomr,. 
The ldm..wa abe HS drop• • a• regi1tered by paper panels, 

which will produce ouualtie1 wha peno1111el are proteoted b,y p1 -..t 
and standard iuue of i:.apregu.ted clothing, were deteNiud by labora
tory testa reported in Jlcore.ndwll ot Aug. 6, 1931 to the Technical 
Director tr0111 the Chiet, ProteotiTe DeveloplU!lt Di'rllion. Froa these 
teats, it wa1 oonoluded that BS dropa ot the tollowing size• would 
penetrate 'two la7en ot 1tazutard blprepated olo'thing aud produce oa•ual
ties as toll.,..sa 

BS drops 0.6 me• in si&e - tq% casualties 
HS drop• o.7 ~· 1u aiae - 80,% casualtie• 
HS drops o.e ~· in lise - "loa% O&lualtiea 

In the testa ooDibloted. no atte.pt wu JUde to clasdty drop shea 
between 0.6 and 1.0 mg. due to d1tf1oul't7 in idcmti.fTin& the intermediate:· 
drop aizeso 
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'b. BS Va;Jr ~lea, A cleaoript1on of tho npor aaapling 
•ohines a'Di method auyaia ot the BS 11 giTm in I.A.T.R. 66. 

In the present report the reapiratory etfeota ot HS 
'ftpor were not coDBidered bat onq 'ft&ioant etteats, whioh in the case 
ot HS Taporwaa baaed on ita o.t. ~ue. The c.t. nlue ia the'pro• 
du~ of vapor oDboentration in Jlilligi'&IIUI per liter and the exposur& 
period in rainutea. Man euualtiea were figured troa the o.t. 'ftlue, 
using the w.luation aurve gi van on Graph 1. 1'his our'ft waa plotted 
ti"'Ol reaultt of gas olwlber teats ginn ilL Pha~colog:lcal Report 
No. US. Aaide froa the points gi'ftll OJl the graph to establish the 
oarTO, an additioual poiat •s• i1 also 'iven to represent expoaure ia 
the field of a miD at Bigewood .Arsenal who booaae a caeualt)r for about 
2 wka. due to velioant ette<Jta ot BS npor. The vapor concentration 
and expoaure period ot thil IliaD was equi'ftlent to a o.t. value of 
about .043, which oorreapoDda on the curve, to 6,; man casualties. 
All -.n are not equally reaistant to HS npor but the man expoaed was 
shown by laborator,y teata to repre1ent an average 1ubjeot. It a group 
ot men, taken at randoa, were expoaed to a c.t. value ot .043 the nlua• 
t1on curve 1howa that about 63% would be oasualtiea. 

o. Baaed on lt'feota oa ..ADill&ll. In all teat•, the animala 
were ha.Ddled by the licHoai Reaearoh DlT.l.sion and after each test, were 
subjeoted to observation b,y that diT.l.aion for a period ot about 3 wka. 
The following ayabols were used to designate the nature of the animal 
oaaualtiea, 

I • not atfeoted 
D • death 
E • simple conjunotivitia 
E2 • oloud.J oornea 
R • reapirator,y effeot1 
S • or,ytheaa of akin 
s2 • second de,ree 1k1n buma 
KF • killed 0, &nell 

The 1everit,y of the casualty was classified a1 light, 
mediwa, severe and death cle&ignated by LC, :u:c, sc, and D respeotiTely. 

All animab oasualtiea were interpreted by the Medical 
Ree earch Di 'Vie ion in tenu ot man caeualtiea. Froa the effect• on 
the aniu.l, it waa estimated 'by the Jrecl1oal Reaearoh Di'Vision, whether 
in their opi:alon, a man aubjeoted to the 1eae expoaure as the anial, 
wun protected bJ gaa maak and :::atandard iasue of unim.pregnated clothing, 
wo\lld ha.n been a casualty. In the oase of eaoh animal, the anewer 
wa1 yes or DO· , ao that ao interaediate interpretation• are given. 
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A an casualty 11 defined as one having 111 injury sutticiently eenre 
to normal~ require evacuation tor hospitalisation. 

In recording data in thia report, at posi tio:ns where 
two rata were exposed, if either rat -.a rated an ,eetiated man oaaualty1 
estimated man casualties at that position are gi?en a rating ot 100 %. 

1. ltteotiTe Conoentration. In this report, an ef'f'eotiTe 
concentration ie considered to be one whiohwill produoe 50% casualties 
when personnel are exposed to the ef'teote ot the Tapor f'or a period 
ot about 25 min. 

e. Teets CoDduote4. The tift teste were oonduoted aDd reeulta 
obtaiDed ae tollowsa 

~· Teet ot M!{ 18, liSle 

(1) ow£:· The objeot ot thia teat was to detenaine 
the ef'feot ot spring o ions on the nuaber of' HS-tilled 166-mm. 
howitser ehell required to prod.uoe 50% oaeualtiea when tired at sundown 
at penonnel protected b7 gas muk only, who are exposed in open couutry 
tor a period or about 26 min. inoluding tiring. 

(2) Katel"iall Used. !hirty•nine IIII, 166-JIIII.e howitser 
shell. tilled with HS, were used in the teat. The hietor;y ot these shell 
and the t,ype ot tuae and booster uaed are giTen in paragraph 4. 

(~) Target. The target was a rectanplar area 100 ;yd. 
wide bf 200 ;yd. deep. located ~ open country on "B" tield in the vicinity 
ot ooer41ratee 690.5, 1863.8, and orient~ eo that the long uie wu ill 
line with the direotion ot tire. It was ooTered with gral8 and weeds 
having a height of' about 6 in. ot var,ying density md the soil ftl 

extreJMl7 wet. The target •• di dded into 10-Jd. squares, bJ placing 
nwabered stakes at lo-yd. intervale, and paper panels. 8 in. eq. were 
clietribllted oTer the area by plaoing one at eaah stake position. A 
li lhouette 20 in. b,y 40 in., was plaoed at the oater of' eaoh lo-yd. 
aquare and at the «Mnter ot alternate 20 yd. squares, a goat was plaoed 
in a fox-hole, haYing a depth ot about 18 in. On intenening 20 yd. 
squares, a rat in a oage wa.e suspended from a a take at an elevation ot 
18 in. At alternate rat poeitiou, a n.t was plaoed in a oage on the 
ground uncler the rat 11lapeaded at an elention ot 18 in. The target 
waa at a n12ge ot about 5,SOO yd. trom the position of' tbe howitsen 
aa g1 T8J1 in paragraph 4. 

Chart lB aoaoapu.ying this repol"b, shows the target u 
it wa1 prepared tor the teet with position of' an'--l.a, panels and 
aaapling -.ohillee. 
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(4) Firtag of Shell. 

(a) Adju1tment of Howitaerle Sixteen shell were 
ued. Regi1tration fire ftl directed at a position about 100 yd. ea1\ 
of the target. J'ir1Dg atarted at 4 a09 p.a. &Dd ud.ed at 4 a46 p.m. 

(b) Fire tor ltteot. !he tour howitaer• were 
ranged in parallel UliDg tGree ele.at!oua for diltribution of ~ot•• 
Firing for etteo~ started at 5a2l p.m. and eDded at 6a39 p.a., a period 
ot 18 llizl. .A. photoatatio oopy ot a K•or&Dda dated Kay 22, 1933 to 
Capt. C.E. Louob, troa the Battery Commander gi nng the firing data 
by' roUDd, 11 attaohed to thil report. 

(6) Meteorological CoDditiona. 

(a) Dllri!l the Firi.Dg Period ud Following Hour. 

!t.ea 6a21 P••• to 6aS9 P••• 
.Air taperature, °F. 11 
GroUDd tapel'&tu~, °F. 81 
Relatiw haaidiio7, % 68 
Baroaetrio preuure IO.t6 
WiDd wlooit7 • 4.0 
W:llld direGtion SSW 
s~ olear 

•Taken at an el&Tation ot 6 tt. 

(b) Duri!g the Firat 14 Day1 FollowiAg Firing • 
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(6) Results. 

(a) Impacts. The position of impacts are shown 
on Chart 2Eo Of the 23 shell tired for effect 15 registered on the 
target and 8 within a distance ot 40 yd. of' the target. 

Of the ~9 shell fired includin~ the 16 used for adjust
ment, there were 6 duds, l low order burst, and 33 normal bursts. 

(b) Liquid HSo 

1o Size ot HS Drops. The paper panels and 
silhouettes on the target aree were tabulated for size of HS drops. 
Results are given in the following tablesa 

Table No. 1. 

Nwuber of Panels Showing HS Drops of 0.1 !D'• or Over. 

Panel a No. of H8 drops 
no.a6.i to -aOver o.s aOver 1.0 a Over 3.0 

6 
a0.5 5• ato 1.0 mioato 3.0 mii•' 5• . I I . 

'1 2 
17 1 : 
20 75 25 I 

26 3 I 

2'1 1 1 
28 I 3 1 
29 I 3 
30 1 
:51 25 . 50 I . 
38 I 2 I 

39 100 I 2 
41 10 20 6 
42 6 10 10 1 
43 3 
62 10 20 
51 1 
55 . 3 . 
73 3 I 

83 I 1 1 
86 15 1 
8'1 3 6 
89 12 2 
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Table No. 1 (Cont'd.) 

Panel: No. ot HS drOJ!I 
no.10.1 to 10ver 0.6 10var 1.0 10ver 3.0 

10.5 m~.ato 1.0 m, •• to 3.0 m,.1 mg. 
§O I 5 1 
98 I 5 
99 I 76 I 25 

101 I 6 I I 

112 2 ' l 

114 I 1 
116 3 . . 
128 I 4 
133 I 3 ' 134 I 4 3 1 
136 I 2 1 
138 I 5 2 ' 141 I 1 
146 I 20 3 
146 10 
148 I 5 I 2 
155 I 8 1 
157 I 3 2 ' 1 
191 I . 3 I . 
192 I 15 5 I 

194 I 3 6 1 
198 I 100 100 
201 I 1 
202 I 6 I 

203 I 6 3 I 

206 I 25 
206 I 2 
212 I 2 
213 I 25 10 I 

214 I 6 I 5 I 

225 I 5 I 
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Table Ho. lA. 

Humber of Silhouettes Shawi?£ HS Drops of 0.1 mg. or Over. 

siihoU•I No. ot HS dro;es 
ette no.iO.i to 10ver o.s 10ver 1.0 aOver 3.0 

1 
:0.5 Dllij• 1to 1.0 Dl§i• 1to 3.0 !ji·l 5• 
I 1 I I 

6 20 I 5 6 
7 40 30 I 10 
8 : 5 3 I 1 1 
9 ' 500 

16 : 5 3 4 
17 a 5 3 5 
18 : I 1 1 
19 10 I 3 
24 : 2 I 1 
26 25 I 26 I 10 5 
26 I 10 I 10 1 
27 I 40 I 20 15 1 
28 I 200 I 100 
29 . 50 40 10 6 . 
30 I 2 ' 34 I 1 : 1 
36 3 2 1 
36 : 2 : 
37 2 
38 10 I 3 I 1 
39 30 10 I 6 
40 40 : 2 
44 6 2 1 
46 5 
47 10 I 2 1 
50 5 4 
57 6 : 2 
68 20 10 I 

59 I 4 I 2 
60 I 4 I 

61 I I 2 
65 I : 1 I I 

66 I 2 I I 

67 2 I 

68 : 3 I 

69 : 10 I 6 ' 71 a 10 2 I 

'12 6 I I 

T4 a 2 
16 5 I 
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Table No. lA (Cont'd.) 

io. ol HS Dro;es S:llhou-1 
ette :1.1 to 10ver 6.6 10ver l.O 10Ver 3.0 
no. 10.6 •1•1to·1.o !i•1to ~.o ~·I 5• 

'19 I I 2 I I 

82 10 20 I 10 6 
83 10 10 I 10 

101 : 6 a 3 
102 6 2 
106 20 3 I 

107 4 
112 5 3 I 3 I 

114 I 10 1 6 I 1 I 

115 I 6 I 

116 10 I I 

111 20 I I 

121 10 I 6 6 2 
122 10 I 2 I I 

123 10 I 2 
124 1 5 I I 1 
126 I 5 2 I 

131 I 20 I 2 I 2 ' 132 20 10 1 I 

133 5 3 I 3 I 

141 I 3 I 3 I 1 I 

142 I 3 I I I 

1 '76 I 50 2 I 1 

111 I so I 6 I I 

1'18 5 I I I 

182 I 6 I 5 I 5 
183 10 I I 1 I 

184 I 20 I I I 

185 5 I 2 I 1 I 1 
186 5 1 I I 

192 2 
193 10 6 I I 

194 I 20 6 I I 

195 I 2 5 1 I 
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{•) Jctt.ated Man C&aualtie• trom Liquid BS. 

JlaJ1 Proteotecl t!;Ga• Jfuk but Without 
troteotlon of ~reiDA£e4 2!o£hing • 

.A. tabulation ot the d.enaity ot pattern on paper paneb 
and •ilhouette• together with e•ti•ted :un ouualtie• are giwn 1D 
the tollowiDs table•. The pattel"ll aoale 1• attaohed to thia repoJ"t. 
The ba•ie of e•timated oa•ualtiea 1• explained in paragraph 7. 

Betiated ll&u cuualtiea on Tar1et Baaed. on Liquid HS 
on Niieia. 

Pittern1 Paels cluaified.ai&is..tia: un 
1 lo. t Per eeot otaoaaualtiea tor 

1total on taz.eaan proteoted 
I I get 1'by gu -.ak 
t I I 

" I I 

Heav • 8 I 3.6 I s.s 
Jledium 1 23 : 1o.o I 1o.o 
Lipt t 33 I 14.3 I 11.4 
1'raoe I 102 I 44.1 • 28.4 
5o BB t 66 I 28.1 
fotal t Ill t Ilib.o t 61.1 

1'able':Ro. b.. 

lattmated Man Casualtiea on Target Baaed on Liquid HS 
on S ilhOuffiea. 

HeaT¥ I 16 t s.o t e.o 
Jledium t $8 I 18.0 I 18.0 
Light t 34 I lT.o 13.6 
1'raoe t 62 I 28.0 I 16.6 
No liS I 62 I 31.0 • fotal I 2oo • 100.6 • &5.2 
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z. - Man Protected :!2 Gaa Muk aDd Standard 
Iiajr•eted £10ih1ilj. 

From reeult1 in Tablea lo. 1 and. U, tabulatioD.S are giYen 
in the following tablea of the number of panels and 1ilhouette1 showing 
RS drops of o.s mg. or larger together with estimated mao casualties. 
The baaia ot the estimated oaaualtiea 11 explained in paragraph 6,a,(2). 

Estimated Man Caaua.ltiea from Liquid BS Baaed on Panel Data. 

Sbe of HS dropulo. otaf.ltliilateci oaaualtiea for 
apanela man protected by gas mask 
a a&Dd standard impregnated 
a i olothi~ 

One drop or JIIOZ"e a 
exoeecling 1. 0 a 

!otal a 

l6 

a 
a 
a 
a 
a 
a 

I 

a 
a 
a 

160 a 
f 

t 

Total panels on target • 2Sl 

Table lio. lA. 

6.9 

11.2 

Eatiaated Man Casualties from Liquid HS Baaed on Silhouette 
Data. 

Appedix F 

-
!lse ot HS dropaalo. otaiit:Uiated oaiiUaltiea for 

tailhou~aan protected b.r gaa mask 
a ettea 1&Dd standard Ulprepated 
1 1 olothi~ 

&e drop or more a 
exoeedig 1.0 a 

total a 

Sf 

a 
I 

a 
I 

a 

' 

I 

I 

I 

160 a 
a 
I 

!otal ailhouettea on target - 200. 

- 12 -

1a.5 

22.9 



(d) Estimated Man C..Ualties traa BS Vapor. 

Vapor samplillg machines were placed to take aaaples at 
positions shown on Chart 1. In Tables lo. 4 and 4A which follow, 
the ~por concentration, o.t. value and per cent eatt.ated man casualties 
from BS npor, are giTen tor each sampling positica, representing man 
proteotecl by gas •slr:: but ritho11t protection ot illprepated clothing. 
The basis ot estimated caaualtiea 11 explained in paragraph 6 b. 

l• Firing Period and Following 16 Mluutes. 

'fable lo. •• 

Estiaated B8 Va20r Casualties on Tar1et• 

SaapllDgiElev&tionaYol. ot 1 B8 1Vapor 1 o.i.1lattmited man oasuaitlea 
poeition1 1air BaD•Iaa.pledlooncn.:~lue1tor ~protected by gas 

' s led I I I • I ... ak on 
I 1ters I a g. aag. • • I 

c I 1 I 888 I a.e a.0099 I e25 I 100 
F I 1 I 880 I 1.8 a.0020 I .os • 68 
G I 0 I 914: I &.2 a.0067 I .14 ' 100 
J I 0 I 862 I s.e .. 0066 I .18 I 100 
1[ t 1 I 8" I 10.1 a.Oll9 I .so I 100 
N I 1 I 884 I 0 I 0 I 0 I 0 
0 I 0 I 8SO I 1.8 le0022 I .06 I 58 
R I 0 I 884 I 0 • 0 I 0 I 0 
s • 1 I 884 a 1.2 le0014 I e03 I 41 

•The time period uaed in tiprin' the c.t. ~lue waa 26 llin. (1/2 tiring 
period plus 16 aiD). 
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Table Bo. u. 

Estimated BS Vapor Oleualties at Poeitioaa Outaide ot 
farr;et. 

SamplLigaJ:lew.tionafol. ot a liS aVapor a c.t. alatbiitecl II8.D oaaualtiea 
poei tiona ot aair aaa-aa&llpled aooDon. tw.lueator Mil protected by 

I s-xlel I rs· I I I IIU u.ak OJlll 

I • I l t.ra I llge aag.fle t I " 
D I 0 I ~ I 1.2 le002? t .07 I ?S 

I 1 I 44410 I I I 0 
I 2 I ""-1 0 I a I 0 
I' I "'I 0 I I I 0 

B I 0 I 46T I 0 I I • 

I 1 I 467 I let le00S6 I e09 I 8T 
I 2 I 467 I 0 I I I 0 
I ' I 467 0•' 1•0009 I e02 I 10 

f: I 0 I •z2 0 I I 0 
I 1 I t22 0 I I 0 
I 2 I 4.22 0 I I 0 
I ' I 4.22 0 I I 0 

p I 0 I U6 0 I I 0 
I 1 I 4.16 0 I I 0 
l 2 I 4.16 0 I I 0 
I 4. I 4.16 0 I I 0 

f I 0 I 4.4.2 0 I I 0 
I 1 I 4.42 0 I I 0 
I 2 I 4.4.2 0 I I 0 
I ' I 4.42 0 I a 0 

(e) latt.ated Man caaualtiea Baaed on Etteota 
011 iiila•la. 

Jn1•ds 00128iltiag ot go&ta and rata Rl'8 placed on the 
target at positions shown on Chart 11. Animal oaaualties and eatiaated 
DIAn o aaualtiea, when man 1a protected by gaa BlUk onl.7, are ginn iD 
Table• Bo. 6A, 5B, aDd &c. Animal oaaualtiea and eattmated man caaualtiea, 
based 011. etteota on animala, are shown on Charta 4.1 and. 6E. The buia 
ot eatilrated ouualtiea and the a)'abola uaed to delignate the natul'8 of 
the ani•l oaaualtiea on the oharta am in the table•, is explained in 
paragraph 7 o. 
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!• J'iriag Period ad Followiag 15 lfimatee. 

Table Jo. u. 

Eetiaated MIUl Cuualtiea Baaed. oa Wfeote 011 Rata Su&feDded 
at aa linatloa ol II Soile~e 

l&le ala 'Eire ot aSe'nrlij of 1Ja'Eliii&GCI UD 

aoait10Dt0&8U&lt' I o&aU&l!l a ouu.lt1• 
I I I ~ 

13 I ERS 1Death in I 100 
I 1 6 d•e I 

II I ED a Death I 100 
I I I df' I 

m I i I ~:- I DRS 
i§a I fji I 15 I ibO 

Total eat1mate4 man oa1Ualt1ee - f 
'fotal rata auapeadecl in oac•• - 26 
Per oent eattmated .an oaaualtiea - 18% 

latimattld 111m Cuualtiee Baaed OD ltfeota on Rate ia 
&,e. on m. 

86 I IRS •Death 1i I too 
I I .. S clap I 

121 I iii 1 ha 'tli iii I 100 
I • 8 dar: I 

m I Sz aDii'Eb I 106 
I I 8 d&Ja I 

liS I iRiz 1Dea\li li • l6b 
I • 8 daya I 

'fatal .. ttaated .am oaeualtiea • f 
'fotal rata ezpoaed on grouad • 11 
Per oeat eatiated an oaaualtiea • ao.$% 
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!able lo. 6C. 

Eati.ated Man caaualtlea Based on ltteota on Goata. 

Stake alature ot aLnri ti ot aEatiatid 
1oa1t1onaeaaual~ a oaaua13; .., caaualtiea • • • • 

19 • ES • J(C • 100 
19 • bS aD•th li • 166 

• • I cla:JI • •I ' I • r.c • 0 
II s • ta • ilm 

'' • • • e • ~ 
16' • I • tc • 0 
1'1 I s • a! • 0 
115 I D • IC • 0 

Total eattaated aan o .. ua1t1ea • 2 
Total goata apoaed. • 26 
Per cent eatimated man oasualtiea • ~ 

!wo goat• nn exposed. in shell crater• near atakea 
74 pd 116 tor a period. of 24 hr. on the titth d.ay atter tiri:ag aDd 
two acldi tio•l goata nre ezpoaed in crater• near a takes 69 md. 151 
on the 14th day after :etrl.ng. 

Ot the two ,oata apoaed. on the titth day atter tiring, 
one •• a aed.ilDl caaual t)" ahowing a aeoond degree akin bum. The 
other goat expoaed. on the titth day af'ter tiring aDd the two goata 
exposed. on the 14th day atter tiring ahowed. no casualty etfecta. 

(7) Diaousaion. 

(a) Shell Diatribution. The poaitiODI ot 
illpacta on and around the tar&et are ahOWn on Chart 2B. There nre 
13 nor-.1 burata on the 1;arget and 8 outside ot the target. 'Bone 
ot the burata outaid.e ot the target were appreciably et~eotiTe on 
the target. 

(b) !!fact Area. For purpose• ot atud.y, the 
impact area ~ be regarded &. that part ot the target represented 
by the 20-y-4. aquarea lilted. in fable No. 6A. The iapaot area ia 
ahcnm on Chart lal. 
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(c) Eattmated Man C .. ualtiea trQa Liquid BS. 

!• Btteota ot lleteoro1ogical Condition•• 

i'he onl7 aeteorlogioa1 factor haviAg &Jl7 effect on the 
1i1e ot the area covered with liquid HS. bJ bunt of a aiJ~~le ahell. 11 wind 
velocity. i'he wind n1ooit)' during the tiriAg waa "·0 a.p.h. which was 
too 1cnr to have mob ettect on the pattern produced bJ the large HS dropa. 
Pn"rioua field testa have deaonatrated however. that mder the prevailiag 
wind cozuUtio:u • a tiAe HS aiat which will produce u HB pattern correl• 
poDding to traoe iA the pattem scale uaed. -.y be carried about 50 yd. 
traa the position ot burst. 

Man Protected .Gaa Kuk bat Without 
PrOtection ot ___ rej#Ated Cloth!ig. 

It ia eatimated troa reaulta in i'abl• Io. 2 and 2A 
that penonnel protected b,r gas :.ale only if expoaed with equal dil• 
tribution on the target during tiring, would experience about 61.~ 
ouualties from liquid HS baaed on panel data and 56.2% baaed on 111• 
houette data or an average of about 51.~ o .. ualtiee baaed OD ailhouette 
and pael data. The liquid BS oD. the area. which wu the basi• of 
53.2% estiJIIIl ted oaaual tiea, was due to the buret of 1! ahell. On the 
basil of 13 ahell on an area ot 20.000 eq.Jd,. to produce 63.2% caaualtiea 
tram effects ot liquid HS, when an ia protected bJ ga.a u.ek only, it 
will require about 6.1 ahell per 100 yd. sq. to produce 60% casualties. 

a. - lla.n Protected !t Gu l4aek and Standard 
fiprepated Cl hiD§• 

From reaults in Table• I and SA. it i1 estimated that 
personnel protected by gas mask &Dd atandard iaprega.ated c lothiD& who 
are exposed on the target during the tiring period, would experience 
from effect• of 13 abell. about 11.2% caaualtiea, baaed on panel data 
and 22.9% oaaualtiee bued on ailhftftte data u an anrage ot 16.5% 
casualties baaed on ailhouette and panel data. 

On the baaia ot 13 abell on an area of 20.000 aq.yd. 
to produce 16.6% caaualties. when man 1a protected by gaa mask and 
atandard impregnated clothing, it will require about 20 ahell per 
100 yd. aq. to produce 60% oasualtiea • 
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(d) Effect• of BS Vapor. 

l• Discussion ot Meteorological Conditions. 

In the present teet the air temperature was 71 °F. and 
wind velocity 4 m.p.h. !hese conditione were not extr.mely ~avorable 
tor the use ot BS &I the teaperature was a 11 ttle low tor rapid eTI.pora
tion ot the HS and the wind velocity alightly high as it carried the HS 
Tl.por away too fast for most effective results. 

!• Firing Period aDd Following 16 Minutes. 

(!). On Target. 

Result• ot vapor saapla;taken at 9 s8apling poaitiou 
on the target are given in Table Io. 4 for the firing period and follow
ing 16 min. The vapor concentration tor each 20-yd. eq. of the target 
was figured from results in this table taking into account the positions 
of nearest impacta and wind direction. These resulte are given in the 
6th column ot Table Bo. 6. From the average of the figuree in the 
6th colu.n, it is estimated that personnel with gas mask protection 
only, would experience about 56.6% casualties from HS npor 1t exposed 
on the target during firing and the following 16 min. 

The per cent eatimated casualties for each 2Q-yd. sq. 
as given in Table No. 6, ia ehown graphically on Chart SE. The shaded 
area on the chart represent• that part of the area on which lOQ% casualties 
would be produced by the effects ot HS vapor when man 1a protected by 
gas mask only. The per cent caaualtie• shown on Chart E3 are based on 
the effeots of 13 shell. If 13 shell distributed over an area of 20,000 
sq.yd. will produce 58.6% casualties by effects o£ HS vapor, it will 
require about 6 shell correctly placed per 100 yd.sq. to produce 5Q% 
casualties when man is protected b,y gas mask only. 

(2). Outside of Target. 

Eetimated man casualties at sampling positions 30 yd. 
downwind from the target are given in Table No. 4a for the firing 
period and following 15 min. Onl,- two pod tions, D and H, showed the 
presence of HS. These sampling positions were located opposite the 
aottheast oorner of the target and are the positions where the highest 
T&por concentration would be expected. Personnel exposed at positions 
from D to B, during the tiring period and following 15 min. would ex
perience so.me casualties fr011 effects of HS vapor it they were provided 
with gas mask protection on!,-. 

Appendix ! - 18 -



(e) Estimated Kan CAaQalties Based on Effeota 
0!1 Animal•· 

!• Firing Period and Following 15 Minutes. 

Animal aasualtiea and eatimated man casualties, based 
on effects en animals, are given in Tables lo. 5A, 6B, and 5C tor 
expos\.lre on the target during firing and the following 15 min. The 
results in these three tables are consolidated in the last two columna 
of Table No. 6. From the consolidated resulte, it is estimated from 
animal casualties, that personnel protected by gas mask only. would 
experience 1~ casualties if exposed on the target during the firing 
period and following 16 min. 

2. Persistence of HS on Impact Area. 

Result• given in paragraph 9,a,(6),(e),2 ahow one animal 
oaaualty out of two expoced in shell crater• tor a period ot 24 hr. on 
the 5th day atter firing and no casualties out ot two exposed on the 
11th day after tiring. 

These rea\.llta indicate that it the impact area is occupied 
for a period of about 24 hr. by peraonnel provided with only gas mask 
protection within the titth day after firing, some casualties will be 
produced. It is probable that the area could be oooupied following the 
loth day after firing by personnel without gas mask proteotion, without 
experiencing serious casualties, provided shell craters are avoided. 

(f) 

!• On Target (100 ld• bz 200 yti.). 

In Table No. 6, eatimated man aasualtiea are given tor 
each 20 yd.sq., representing an animal position based ona 

HS liquid as determined by pend data 
H8 vapor as determined by vapor samples 
Combined effect of HS liquid and n.por from 

a&JIPle data 
From effeota on aai.ala 

Reeulta 1n Table Ho. 6, show 14.78,% casualties baaed on 
effects ot HS liquid and vapor preaent as determined by samples and 18% 
baaed on effeots on animala. 
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Table Bo.6. 

Eatimated Maaked Man casualtiea on Tar,et on ExEoaare 
!5Urinlli Fi rinf;j and the Poilowi».l}! Kinutes • 

{Area 20,000 aq.yd.) l 18;1~!~ 

Stake aimpaotaalrom HS liquidaFrom BS !!pOraFrom HS liquidaFrom etlects on 
no. at awithir& aEatimated man a o.t.aEetima•a and vapor a animall 
oenter a20-Jd,o a oaaual ties anlue ated man aEst!ili8.'ted man a Animal aEsti.lle.ted 
of 2()-yd. aaquare a I acasua1•: casual tie• a casual• I man 
a~uare I : tiee a . ties a casual ties . 

I :z I I % % • I % 
13 0 0 I e00 I 0 0 aERS death 100 

I (2) I 

16 0 I 29 .o1 a 15 .a I 0 I 0 
17 0 62 I a10 I 93 91 I 0 I 0 
19 1 75 a0.26 I 100 100 aES Med. 100 
21 0 64 I el2 I 100 100 0 0 
36 I 0 I 0 I o01 I 15 I 15 0 0 
S1 I 0 I n I e03 I 42 I 60 I 0 I 0 
39 I 2 61 I .12 I 100 ' 100 aiRS death 100 
41 I 0 86 I .1o a 93 I 99 : 0 I 0 
4S 0 80 I .14 I 100 100 aE light I 0 
57 ' 0 27 I e06 I 68 I 69 I 0 0 
58 I 0 40 I e06 I 68 I 15 I 0 0 
61 I 0 66 I e10 I 93 97 r 0 0 
63 a 1 71 I .1, I 100 100 aS light I 100 
66 I 1 I 69 I .o8 I 80 I 84 I 0 0 
79 0 I 62 1 el6 I 100 I 100 aER lied. I 0 
81 1 63 I el2 I 100 I 100 0 0 
83 I 0 I 68 a .oe I 66 86 I 0 I 0 
86 • 1 I 69 I el2 I 100 100 aERS death 100 

I I I (1 & 2)a 
87 I 0 I 78 .06 I 66 92 I 0 0 

101 I 0 I 78 •• u a100 100 aS light 100 
I I I (2) I 

103 I 0 I Tl I .16 I 100 100 I 0 0 
105 0 I 62 I .12 I 100 100 I 0 0 
107 I 0 I 60 I .SO I 100 100 aE light I 0 
109 I 0 I 66 I o06 I 66 86 0 0 
123 t 1 I 73 I e10 I 93 ., I 0 I 0 
126 I 1 I 71 I ol6 I 100 100 I 0 I 0 
127 I 1 I 73 I .1o I 93 I 98 I 0 I 0 
129 I 0 I 61 I .10 I 93 I 97 aERS death 100 

I I (1) 
131 0 73 I e02 I 30 I 83 0 0 
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Table Bo. 6. (Cont'd.) 

Stake rlipaotuFroa BS Uqaidafroa HS TI.J?OriFrom HS Uquid1E. rom effeota on 
:a.o. at nrithill alatimaned aan 1 o.'E. 1Eat!iii•1 and npor 1 ani••la 
oenter 12()-yd. 1 oasual tie• 1'ftlue1ted mazuiatlmated :.n l""""'lii:;:tm&~l~l~l$1'-r"tl'~"'-~E-e ..... d 
ot 20-yd.laquare 1 1 :oaeual•• oaaualtiea 1oasual• 1 .an 

square 1 1 1 1 ties r 1 tiee lo&aualtiea 

To tala 

145 
141 
149 
161 
163 
167 
169 
171 
113 

1'15 
189 
191 
193 

195 
19'1 
211 
213 
216 
211 
219 
and 

I I % I I% I % I I% 

I 0 I 93 I .00 I 0 I 93 I 0 I 0 
I l I '11 I .02 I 30 I 80 I 0 I 0 
I 0 I 49 I e02 I 30 I 64 I 0 0 
I 0 I 42 I e02 I 30 I 69 t 0 0 
I 0 I 33 I .01 I liS I 43 I 0 0 
I 0 I 82 I e00 I 0 I 82 I 0 I 0 

0 I 11 I eO I 0 I 11 I 0 I 0 
I 0 I 13 I e03 I 42 I 60 18 light I 0 
I 0 I 24 I e06 a 68 I 88 182 death 100 
I I I I I I (l) 
I 

I 

I 

t 

I 

I 

I 

I 

I 

I 

0 
0 
1 
1 

0 
0 
0 
0 
0 
0 
0 

18 

I 

I 

I 

I 

I 

I 

I 

7 
40 
48 
'11 

62 
20 
38 
'16 
69 
27 
2'1 
6!.1i 

a .02 I 30 36 I 0 I 

I e00 I 0 I 4A) I 0 I 

I e02 I 30 I 84 I 0 
I e06 I 68 I 88 1KF (2) I 

I I 

1 .oa 1 

I e02 I 

t .00 I 

I eO I 

I .00 I 

I e03 I 

1 .oa 1 

I I 

I 

42 I 

30 I 

0 I 

0 I 

0 I 

42 I 

42 I 

66.61 

'18 
44 
38 
76 
69 
57 
67 
14.18 

1ERS2 (1) 1 
1ER Ked. 1 

0 
I 

I 

I 

I 

I 

0 
0 I 

0 I 

0 I 

0 I 

0 
0 
0 

100 

0 
0 
0 
0 
0 
0 
0 

1$ 
Averages 

I 

I I I I 

I 

I I 

JJOTE1 Spbola used in colUIIJl '1 to d.e1ipate the nature ot the animal 
ouualtiea are explaiDed iaJparagraph 6 o. 
(1) d.eaiguates rat in cage on ground. 
(2) d.eeipatetl n.t in oage auepended at an elevation ot 18 in • 
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.!• On Iapaot Area (15,200 1q.yd.). 

The lmpaot area as defined ln paragraph 9,a,(T),{b) 
1a 1hown on Chart laE and the 20-y-d squares included within its area 
are tabulated in Table Io. 8A. On its area of 15,200 sq.yd., there 
were 13 bursts. Reaulta show 77.~ eetiaated casualties ._,ed on 
sample data and 18.6% based on anbal data. 

Talale lo. 6A. 

Stake :ImpaotaaFrom HS licpld1Froa HS r;:r1From HS llquld1Fram eftecta on 
no. at :within 1Eati.llated'' aan1 a.'E.1Est •I and n.por a animals 

center t20-yd. 1 casualties lftlueated maniii'E!iiiilted ~ a ID!Ii&i tl!:stlated 
of 2G-Jdo1Bquare a I 1o&sual•1 casualties to&IUal• I -.n 

siuare a I I : tiee a a ties aoaaualties 
I I ;t I I ' I ' I I % 

13 I 0 I 0 I 0 I 0 I 0 tERS death 100 
I I I I I I (2) I 

16 I 0 I 2i a .o1 I u I ~ I 0 I 0 
1'1 I 0 t 62 I o10 I 93 I 9'1 I 0 I 0 
19 I 1 I '15 I o26 I 100 I 100 1ES lied. 1 100 
21 I 0 I 64 •• u I 100 I 100 I 0 I 0 
35 0 I 0 I .o1 I 15 I 16 I 0 I 0 
31 I 0 I 31 I o03 I "-! I 60 I 0 I 0 
39 I 2 I 6'1 I ol2 I 100 I 100 aERB death 100 
41 I 0 I 86 I o10 I 93 I 99 I 0 I 0 
43 I 0 I 80 I ol4 t100 I 100 tl light I 0 
57 I 0 I 2? t o06 I 68 I 69 I 0 I 0 
59 I 0 I 40 I o06 I 58 I 76 : 0 I 0 
61 I 0 I 55 • .1o I 93 ' 9'1 I 0 I 0 
63 I 1 I ?1 I o14 I 100 I 100 aS light I 100 
65 I 1 69 a .oe a 80 I 94 I 0 I 0 
19 I 0 I 62 I .15 I 100 I 100 tER Ked. I 0 
81 I 1 I 53 I ol2 tlOO I 100 0 0 
83 I 0 I 58 I e06 I 66 I 86 I 0 I 0 
86 ' 1 I 69 I ol2 I 100 I 100 tERS death 100 

I I I I I I {1c!c2)t 
87 I 0 I 78 • .oe I 86 I 92 I 0 0 

101 0 I 78 I .12 I 100 I 100 tS light I 100 
I I I I I (2) I 

lOS I 0 Tl I ol6 I 100 I 100 I 0 I 0 
106 I 0 t 62 I o12 tlOO 100 I 0 I 0 
123 I 1 I 73 I .1o a 93 I 97 I 0 0 
125 I 1 I 71 I .16 tlOO 100 t 0 I 0 
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'l'a'ble lio. 6A (Cont'd.) 

Stake al~cta d'roa HS liquidaFroa II§ ft.poraf'iOoa HSilquidaFrOa et1'eota on 
no. at nrithin aEitiided man a "o.t. 1Jatill&•1 and vr.or 1 aniall 
center r20-ycl. a oaeualtiea lft.lue 1ted .an alatima: =-ea ~a Liiui alatiated 

et 2o.,d.aaquare a aoaaual•a oaaualties 1oaaual• I an 
s~uare I I I tiea I I tie a aoaaualtiea 

I I ;! I I !i I ~ I ~ I ' 127 I 1 I 73 I el0 I ea I 98 I 0 I 0 
14~ I 0 I 93 I .0 I 0 I 93 I 0 I 0 
147 I 1 I 71 a .o2 I 30 80 I 0 I 0 
149 I 0 I 4:9 I .oa 1 30 I 64: I 0 I 0 
16'7 ' 0 ' 62 I .o I 0 I 62 0 I 0 
169 I 0 I 11 t .o I 0 I 11 I 0 I 0 
171 I 0 I 13 I e03 I 4:2 I 50 aS light I 0 
189 I 0 I 40 I eO I 0 I 40 0 : 0 
191 I 1 I 48 I .o2 I so I 64 I 0 0 
193 I 1 I 71 I .06 I 68 I 68 11F (2) I 100 

I I I I I aERS2 (1) a 
211 I 0 I 38 I eO I 0 I 38 I 0 I 0 
213 I 0 I 76 I .o 0 I 76 I 0 I 0 
215 I 0 I 69 I .o I 0 I 69 I 0 I 0 

Tota! and I i! I 51.1 I I ID.I1 ''·' I I 18.$ 
Avera1•• I I I I I I 

IO!Ea Symboll uaed. in column 7 to designate the nature of the IU1imal - oaaualtiea are explaiJled in paragraph 6 c. 
(1) deaigaatea rat in oage on ground. 
(2) deaignatea rat in cage auapended at an elevation ot 18 in. 

Par oent est1Dated oaeualtiea based on the combined 
etfecta of HS liquid and vapor given in '!'able llo. 6A, are considerably 
higher than oorreepoDding percentage• baaed on etfeota on aaimala. 
1'he dis orepm oy of theae two 1 eta of fi gurea is partly aooounted tor by 
the fact that estimates baaed on etfecta on animals were ver.y oonserva• 
tively -.de and are proDa.bly low whereas, eatiDatea based on HS vapor 
alone are probably high tor average summer oondi tiou. .Also in arri 'ring 
at per cent estimated man oasualtiea based on effects on animals, no 
weight 18 given to certain animal oaaualtiea which 1nd.i vidually are not 
considered the equivalent of a ~ daaualt,y. On considering theae 
taots, it ia probable that an average of the animal and sample llat& 
is more nearly correct than percentage based on either method alone 
of obtaining data. 
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(g) 

From figures given in Table No. 6A~ it was estimated 
that the burst of 13 shell on an area of 15,200 sq.yd. would produce 
77.7% casualties based on a measurement of the HS liquid and vepor 
present. and 18.5% based on effects on animals, When man is exposed 
during the firing period and following 15 min. On this basis the 
following DUmber of shell per 100 yd.sq. will be required to produce 
5o% oasual ties when man is protected by gas mask only. 

18 min. 

Baaed on HS liquid and vapor samples - 6. 5 shell 
Baaed on effects on an~la - 22.9 " 

Average - 14.2 " 

(h) Rate of Fire. 

The 23 shell used for effect were fired in a period of 
This rate of fire was too slow for most effective results. 

(8) Conclusions. From the res,~lt• of the present 
test~ the following conclusions are drawn with respect to the use of 
155-mm. howitzer shell filled with HS, when fired under the meteoro
logical conditions existing at the time of the teat. 

(a) The number of shell required per 100 yd.sq. 
to produce 50% casualties when distributed as equally as practicable, 
are as follower 

1. When men protected by gas mask and 
standard impregnated clothing is exposed during the firing period -
20 shell (see p. 17). 

2. When man protected b,y gas mask only, 
is exposed during the firing period and following 15 min. - about 14 
shell (see (7),(g). above). 

(b) That this test be repeated because of the slow 
rate at which the shell were fired for effect. 
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!• feat ot June 16, 1933. 

(1) Objeot. To determine the ettect ot meteorological 
conditions typical of spring on the number ot BS•tilled 166~. howitzer 
shell required to produce 6~ casualties when tired about 1 hr. before 
aund0101 at peraomel protected by gas u.sk only, who are exposed in open 
country, tor a period ot about 26 min. including the tiri~ period. 

(2) Materials Used. Thirty-eight MII, 165--. howitzer 
shell tilled with HS, were used in the teat. 

(3) Target. The target was a rectangular area 100 yd. 
wide by 200 yd. deep, located in open country on "H" field in the 'ricWty 
ot coordinates 690.6, 1863•8• and oriellted so that the long u:is was ill 
11De with the direction of tire. It -.s covered with grau aDd weeds 
bavillg a height ot about 1 tt. and the soil was dey. The target 'ft.s 
dhi.ded 1Dto lO-yd. squares, bJ placing llllllbered stakes at 10 yd. inter
valse Paper panels 8 ill. square, were distributed oTer the area by 
placing one at each stake position. On altei"Aate 20-yd. squares, a 
goat was placed in a tox•hole about 18 ill. deep. located at the center 
ot each square. On interTeDillg 20-yd. squares • a rat· ill a cage 
was suspended. from a stake at an elevatioll ot 18 in. At altemate rat 
positions, a cage containing a rat was placed Ullder the suspended rat. 
The target was located at a range ot about ~0 yd. from the position 
of the howitzers on •c• tield, (see par. 4). Chart lF• aocampenying 
this report ahows the target as it was prepared tor the test with position 
ot uimals, panels and npor saapling -.chin••• 

(4) Firing ot Shell. 

(a) .Ad.justaent. Twelve shell were used. Regia• 
tration tire was directed at a position about 100 yd. east of the target. 
Firing started at 4a61 p.m. and ended at 6al6 p.-. 

(b) Fire tor Effect. The howit&ers were ranged 
ill parallel tor iapaot on a liu through the short axis of the target. 
Firing tor etfeot started at 6a00 p.-. and ended at 6all P•••, a period 
of 11 min. Twenty-six ahell were used. 

A photostatic copy of a memorandum dated June 30, 1933 
to CaP'• C.J. Loucks from the Battery CODDD8.Dder gi Ting tiring data by 
round, is attached to this report. 
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(6) Mateorologiotl Data. 

(a) Firing Period eud Following Hour. 

Time 
Air temperature, °F. 
Ground temperature, OJ. 
RelatiTe Humidity • % 
'WiDd wlooity, m.p.h.• 
'WiD.d direction 
Sq 

6a00 to 6a31 P••• 
69 
72 
41 
2.0 
BE 

clear 

•Taken at an elevation of 6 tt. 

6a01 to 7al6 p.-. 
6T 
66 
66 

le81 thm 1.0 
liE 

clear 

(b) Firat Six Days FollowiA§ Test. 

I 

I I 

(6) .Results. 

(a) lapaota. 

The position• ot btlrate are shown on Chart 2F. Ot the 
26 shell tired tor effect, there were 14 bursts on the target and 6 
additional within 40 yd. ot the target. 

Ot the 38 shell tired, including the 12 used for adjust• 
aent, there were a total ot 1 duds. 

(b) Liquid ~· 

'l'he paper panels on the target were tabulated tor she ot 
drops. Reeults are giT~ in the following tablea 
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Table No. 7. 

Number of Panels Showing BS Drops of 0.1 mg• or Larger. 

Panel1 lo. ot BB dropa 
no. 10~1 to 10ver o.5 10Ter I.o aOver S.o 
4 

25 
38 
40 
47 
68 
'18 
79 
89 
90 

102 
119 
124 
126 
134 
139 
150 
155 
156 
187 

10.6 ag.1to 1.0 mg•1to 3.0 mg•• mg• 
I S I 3 2 I 

20 I 6 2 I 

10 I 6 I 4 I 

10 I 4 : 
I 100 10 I 4 I 

I 

I 

. . 
I 

I 

I 

I 

I 

I 

I 

60 
3 

20 

3 
3 
6 

10 
3 

2 
2 

I 

I 

: 
I 

I 

I 

I 

I 

I 

1 I 

4 I 

4 I 

1 
1 
1 

2 

3 

I 

I 

t 

I 

I 

I 

I 

I 

1 

1 
1 

2 
2 
1 

I 

I 

I 

I 

I 

I 

I 

I 

Total panels on target - 231. 

(o) Eetimated Man Casualties from Liquid HS. 

1. Man Protected by Gas Mask but without 
Proteotion of Impregnated Clothing. 

The paper panels on the target were tabulated for density 
of pattern using the gradings heav,y. medium. light. and traoe. A 
photostat of the soale used in grading the panels is attached to this 
report. The panel grading• are tabulated in the following table. to
gether with estimated man casualties. The basis of estimated casualties 
is explained in paragraph e.~. 
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Table llo. B. 

Esti~~~&ted Man Casualties from HS Liquid Baaed on 
Panel Data. 

PatternaPanels cltssitiedalatimated man 
1 lo. 1Per cent ot1oasualties 

atotal on 1when man ia 
1 target 1protected by 

Heavy 1 M 1 

Kediwa1 46 1 
Light I 49 I 

Traoe 1 85 1 

lio HS 1 17 1 

!otal 1 2Sl 1 

14.6 
20.0 
21.2 
36.8 
7.4 

106.6 

1 gas mask only 
I ;t 

14.6 
20.0 
17.1 
22.1 

Jim Protected by G&a Kalk and Standard 
Iaprepatid Clothiiig. 

From results in Table No. 7. a tabulation is given in 
Table No. 9 ot panels showing BS drops ot 0.6 ag. or larger together 
with estimated casualties tor man protected b.r gas mask and standard 
impregnated clothing. The basis ot estimated casualties is explained 
in paragraph 6,_!,(2). 

Table liTo. 9. 

Estimated Man Casualties from HS Liquid Baaed on Panel Data. 

Si&e ot HS1No. ot1Eetimated casualties tor 
drops 1panel&1man protected by gas mask 

1&Dd standard impregnated 

ag. I 

1 clothing 
1Per panel %7farget area % 

One drop I 6 I 40 I 0.9 
or more be- I I 

tween 0.6 1 I I 

and 1.0 but I I 

with no I I I 

drop ex• I I 

ceed1D5 1.01 I I 

One drop 10 I 100 I 4.3 
or acre I 
exceeding 1 I I 
1.0 I 
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Total panels on area • 231. 

(d) Estimated llaD Caaualtiea troa liS Vapor. 

Vapor S&llplee were taken at poaitiona shown on Chart lF. 
In Tables 10, lOA, 11 and llA. which follow. the vapor concentration, 
o.t. value. and per oent eetimated oa.aualtiee tr0111 HS ft.Pa' • tor man 
protected b,y gas mask only, are given tor eaoh s.apling position. 
The basis ot e atil'lated casualties 11 uplained in paragraph 6 _E • 

.!• Firing and Follol!i!g 20 llimltee. 

Table Bo. 10. 

Estimated Kaaked Man Casualties on the Target troa BS Vapor. 

Sampllng:Elevatlon:Vol. Of1 :as 1 Vapor1 o.t.1Eetimated man casualties 
positiODI ot a air 1 aa-eam.pled IOoncn.tri.lue 1tor .u protected by gas 

. a •• le led t I • • :mask on 
I literu ag. aag. 1.1 

c I I 842 I 11.4 I .OU6a.S4 I 100 
F I I 802 36.3 1 .044011.10 I 100 
G 842 6.4 .00641 .16 I 100 
J 884 I 63.8 .o720al.81 1 100 
K 434 11.6 I e02681 e61 I 100 
B a 884 I 4e0 I .00461 .11 I 100 
0 I I 884 I 10.1 I .01241 .31 I 100 
R I 884 o.s I .00011 .oz 1 so 
s 884 0e4 I e00061 .01 I 11 x.,.. 82.! 

•Baaed on a time period ot 26 min. {~2 tiring period p1ue 20 min.). 
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Table No. lOA. 

Estimated Masked Man Casualties from HS Vapor Outside ot the farget. 

Sa.pling1Elevation1Vo1. ot 1 HS 1Vapor 1 o.t.IBatr;&ted man oaaualt1ea tor 
position1 ot 1air s~asampled1ooncn.1~Uea.an protected b.J gas .ask 

I s~:· I tlM 1 I I I oDly 
I I 1ten I .,. aag./1.1 I ' D I 0 I 421 I 0 I I 0 

D I 1 I 421 I 0 I I I 0 
D I 2 I 421 I 0 I I : 0 
D I 4 I 421 I 0 I I I 0 
I I 0 I iOl I 6.2 I .06061 .()1 I ll 

I 1 I 401 I 1.o I .00261 .o6 I 66 
I 2 I 401 I 0.4 I .00101 .03 I 42 
I 4 I 401 I 2.2 I •00661 .14 I 100 

B I 0 I 422 I 1.2 I .06291 .o7 I ts 
I 1 I 422 0.4 I .00101 .o2 1 so 
I 2 I 422 I 0.4 I .00101 .o2 I 30 
I 4 422 I 0.4 I .00101 .02 I 30 

I I 0 I m I 0.3 I .60081 .o2 I 30 
I 1 I 4r42 I 1.1 I e0025 I .06 I 66 
I 2 I 4r42 I 0.2 I .ooo4i .01 1 11 
I 4 I .U2 I 0.4 I .00101 .03 1 41 

t I 0 I 434 I 0 I I 0 I 0 
I 1 I 434 I 0 I I 0 I 0 
I 2 a 4:34 I 0 I I 0 I 0 
I 4 I 434: I 0 I I 0 I 0 

i I 0 I 4r4t2 I 0 I I 0 I 0 
I 1 I 4r42 I 0 I 0 I 0 
I 2 I "2 I 0 I II 0 I 0 
I 4 I 4r4t2 1 1oat I 1loet 1 0 

p I 0 I 4S4 I 0 I I 0 I 0 
I 1 I 434 0 I I 0 I 0 
I 2 I 434 0 I 0 I 0 
I 4 I 434 I 0 I I 0 I 0 

Q • 0 • 44! I lost ' ulost ' -I 1 I 4:42 I 0 I I 0 I 0 
I 2 I .U2 I 0 ' I 0 I 0 

' 4 I 44:2 .2 I .00041 .02 I 30 
f I 6 U2 I 6 ' I 0 I 0 

I 1 I <i42 a 0 ' I 0 a 0 

' 2 I 4r42 ' 0 ' ' 0 I 0 
I 4 ' 442 I 0 I I 0 I 0 
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!• Fraa the Soth to 66th lliAute after Fi ri!§o 

!able lfo. 11. 

Eatillated. Masked Man BS Vapor Casual tiea on the !arget. 

SepllngaElnatiouaVol. ot 1 HS 1 Vapor• o.'E. aBstliilited an casualties 
poaitiona ot 1air saa-aaaapledaoouon.aftlueator ll8l1 protected by 

I •axle I ~led I I I I§U lllUk Onll 
o iter& I JaCo lll§e/lo I I !1 

C 1 I 1180 I 16o7 I e01&3a o47 I 100 
F 1 1 610 1 10.0 1 o0116a o61 1 100 
G 0 1 1180 2o2 I o00191 o06 I 66 
J 0 1 123, 1 12o9 1 .01061 oS7 1 100 
1: 1 1 1216 t 12o6 I o010S 1 oS6 1 100 
JJ I 1 I 12S' 1o6 I o00131 o06 I 68 
0 I 0 I 1216 6o2 I o004SI ol6 I 100 
R 0 I 1234 Oo 0 I 0 I 0 I 0 
8 1 I 1234 I 0o0 0 I 0 I 0 

!able JJo. 1U.. 

Eati:ll*ted Masked IliaD BS Vapor Casualties Outside the !arget. 

D 

i 

L 

I 

I 

t 

I 
p I 

I 

I 

Appendix I 

0 
1 
2 

' 6 
1 
2 

' 0 
1 
2 
4 
0 
1 
2 

' 

I 696 
I 690 
I 590 I 
I 590 I 

I 590 I 

I 590 I 

590 t 
590 I 

668 
I 608 I 

I 608 I 

I 608 
I 668 
I 608 
I 608 I 

I 608 

0 0 I 0 I 0 
o •• • .00011 o02 I so 
1.0 I o00111 o06 I ee 

0 I 0 0 t 0 
0 0 0 I 0 
0 0 I 0 I 0 
0 I 0 0 I 0 
0 I 0 0 I 0 
0 I 0 0 I 0 
0 0 0 I 0 
0 0 I 0 I 0 
0 I 0 I 0 I 0 
0 0 I 0 I 0 
0 0 0 I 0 
0 I G 0 I 0 
0 I 0 0 I 0 
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Table No. llA (Cont'd.) 

S&a~pl1ngaE1en.tion1Vo1. ol 1 HS 1Vapor 1 o.t.1E1tiaated an a,auaitlea 
poaition1 of 1air sam-11aapled1oonon.IT&1l.le1for man protected. by gas 

T 

I 

1 

il 

Q 

I s-x1• I ~led I I I •ak Only 
1 • 1 Rera 1 .g. 111g.)l. 1 1 J 
I 0 I 617 I 0 I 0 I 0 I 0 
I 1 I 617 I 0 I 0 I 0 I 0 
I 2 I 617 0 I 0 I 0 I 0 
I 4: 617 I 0 I 0 I 0 I 0 
I 0 I 662 I Oe2 I e00041 e0l I ll 
I 1 I 662 I le4 I e00261 e09 I 87 
1 2 1 562 1 o.6 1 .oo101 .o3 1 42 
I 4 I 662 I 3.2 I e0066i e20 I 100 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

0 I 618 I 0.6 I e00081 eOS I i2 
1 I 618 I le6 I e00261 e09 I 87 
2 I 618 I 0.2 I e00041 e01 I 11 
4 1 618 Oe6 1 e00101 e04 1 61 
0 I 618 I 0 I 0 I 0 I 0 
1 I 618 I 0 I 0 I 0 I 0 
2 I 618 I 0 I 0 I 0 I 0 
4 I 618 I llet1 0 I 0 I 0 
0 I 818 I lost I 0 I 0 I • 
1 I 618 0 0 I 0 I 0 
2 I 618 I 0 0 I 0 I 0 
4: I 618 I 0.2 I e00041 e01 I 11 

{e) Estimated Man Casualties Baaed on Effects 
on lDLi8la. 

Aniaala consisting of goats and rata were placed on the 
target at positions shown on Chart lF. Aniaal caal.laltiea and estimated 
m&D caal.lal tie a, tor man protected by gaa ll&lk only, are p ven in Tables 
Bo. 12A, 12B, and 12C. Animal casualties aDd eati.ated man casl.lalties, 
baaed on effects on animals, are ah0111:1 on Charta 6F and 6F. The basis 
ot eatiu.ted casualties and the ayabols uaed to deaip.te the nature 
ot the aniul casualties on the charta and in the tables are explained 
in paragraph 6 e. -
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.!• Firing Period and Following 20 Minutes. 

Table lio. 12A. 

Eatimated ~ked Man Ca8ualtiea Baaed on Etfecta on 
Rata Suapended at &D. Eleft.tion ot l8 in. 

Poai tiona l&ture aSeverityaEatimated man 
of I ot I of I casualties 

stake aoaaualtyaoasualt;ya 

" I I I 

17 I Sz I liC I 100 
ioi I s 1Death ina lOO 

I a 4 days 1 

146 I s aDeath ilia 10<5 
I a 5 days I 

li9 I IF I I 100 

Total eatt.ated aan casualty poaitioUf• 4 
Total rata suspended iD cages • 25 
Batimated man casualties on tbe target 

baaed on rata suspended in oagea • 16% 

Tlble lo. 128. 

latiaated llasked 11m CaiRlal tiea Baaed on Btteats on 
Bate in Cages on Ground. 

Appendix ·1 

17 I R 
37 I S 
61 , s2 

125 1 s2 

a Lc 1 

I LC I 

1 JIC 1 

I JIC 

0 
100 
100 
100 

Total estimated man casualty positions • 3 
Total rata in cages on ground - 13 
Estimated man casualties on the target 

based on rats in cages 011 ground - 23% 
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Table No. 12C. 

Estimated Masked Man Casualties Based on Efteots on Goats. 

Positiona Nature aSenri ty a Estimated an oas• 
ot I ot I ot I ualties 

stake acasual~aoaeualtl1 
I I I % 

16 • DB I sc I 100 
19 I iR • tc I 0 
!6 • IRS aDeath Ina 106 

I t 3 daz:a I 

!§ • R I LC- I (S 
4! • R I LC I (S 
!§ • ERS I sc I :too 
'§ I .IRS I so • :too 
1'7 I s • LC • (S 

1<S3 I ERS aDeath ina 160 
I a 6 daz:s I 

1l5'7 I E I tc I 0 
1~3 I ER I sc I (S 

II' I iii I sc I 0 
1!1 I m I sc I 1lr0 
147 I R I LC I l5 
161 • il I ic I (S 
167 • • I MC I (S 
i'76 I ER I ic I 0 

Total estimated man oasualty positions - 6 
Total goats exposed • 25 
Estimated man casualties based on goate 

-.posed - 24% • 

.!• Seoond md Fifth Day A.tter Firing. 

Two goata were exposed in shell craters near stake 
numbers 78 and 79 tor a period of 24 hr. on the 2nd day after firing 
and two additional on the 6th day after tiring. · The following results 
were obtained 1 
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bd Day .After Firing 

Ste.ke lo. 
fa 
79 

Nature of Caaualty 
i 

severe (S2R) 

6th Day .After Firing 

Stake No. 
78 
79 

(7) Discussion. 

Nature of casualty 
ll 

aediua (s2 ) 

(a) Shell Distribution. The positions ot 
impacts on and around the target are shown on Chart 2F. There were 
14 normal bursts on the target and four within the first 30 yd. north 
ot the target which were partly effective in the target. It 1a 
estimated that the effects ot these tour shell north ot the target 
were equivalent to the bunt of one shell directly on the target so 
that total ahell etfeots on the target were equivalent to the burst 
ot 16 shell. · 

(b) ~ct Area. For purposes of study, the 
impact area will be oODBide as ha"fing a abe 160 yd. by 100 yd. and 
to oonaiat of that part of the target north of a line parallel with the •hort 
u:il of the area passing through the pod tion of stake 177 • The impaot 
area is shown on Chart 2F • 

(o) Estimated Man Casualties troa Liquid BS • 

.!• Bt'fects of Meteorological Conditione. 

The win.d velocity during tiring was 2.0 a.p.h. This 
velocity was too low to influence appreciably the drift of BS drops 
of a size in exce .. of Oe6 :ag. but fine HS llist, which prod110es a 
pattern corresponding to trace in the pattern scale used, may be carried 
26 yd. or more from the position of burst. 

2. -
It iB esti•ted from results given in the third oolwm 

ot Table ITo. 13, which are based on panel data, that personnel pro"fided 
with gas aaek protection only, who are exposed with equal distribution 
on the target during firing will experience about 75.~ casualties fro• 
liquid BS. :Ufeots on the target were due to the bunt ot 16 shell 
aa discussed in paragraph 2,b,(7),{a), above. 
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3. - Man Protected by G&a Mask aDd Standard 
§regnated ClOthil$• 

From results 1n Xable No. 9, it is estimated that personnel 
protected by gas mask and standard impregnated clothing,. would experience 
about 6.2% casualties trom effects ot liquid HS if exposed with equal 
distribution on the target during the tiring period. 

Results on the target, which represented an area ot 
20,000 aq.Jd., was due to the buret ot 15 shell. On thia basis it 
will require 72 shell per 100 yd. aq. to produce 50% casualties, when 
an ia protected by gas mask llJd a tam ard impregnated clothing. 

(d) iltfect1 of BS Va2or. 

Effect ot K.teorolofioal Conditions on the 
lf'feotl vene•ll iS apor. 

In the present test, the air temperature waa 69°F. and 
wind velocity 2 •·P•h• Xhe wind velocity was favorable to bu~ld up 
a high vapor concent:ratio:P. aa the wind travel was only about 60 yd. per 
mimlte. The air te11pere.ture waa unfavorable however, as the vapor 
pressure of HS at 69°F. is only o.es ... ;Hg which ia leas than one half 
the vapor preuure at a temperature of asor. which is a temperature 
representative of summer conditions at Edgewood Arsenal • 

.!• Firing Period and Following 20 Minutes. 

(!) On Target. 

Reaul t1 of vapor saaplea taken at· 9 a up ling poe i tiona on 
the target are given in Table No. 10 for the firing period and following 
20mdn. The vapor concentration for each 20-yd. aq. of the target was 
fip~red from results in this table taking into consideration the positions 
of ne&reat impaota and wind direction. The results ot these caloulationa 
are given in the fifth column of Table lo. 13. Froa the average of the 
figures in the fifth colUIDl,. it i1 estimated that personnel with gas mask 
proteotion only, would experience about 88.1% casualties if exposed 
on the target duriDg firing and the following 20 min. 

Per cent estimated casualties from effeota of BS vapor ie 
shown g:raphioally on Chart 3Fo The &baded area on the chart represents 
that part of the target on which it ia estimated 100% casualties would be 
produced by effects of HS vapor when man 1a protected by gas ask onlj. 
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~) Outside of Target. 

Estimated casualties at sampling positions 30 yd. 
downwind from the target are g1 ven in Table Io. lOA tor the firing 
period am following 20 :ain. Only two poli tion. E and I showed the 
presence of BS and at these positions eattaated casualties varied 
from 11 to 100 per oent. These positions are located directly 
downwind froa the impacts on the target. The resul ta given in 
Table Ho. lOA show that peraODnel protected by gas mask only. expoeed 
about 30 yd. downwind from the impaot position during the firing 
period and following 20 :ain. • would e2:perienoe some casualties. 

!• Froa the 30th to 66th Jl1zmte Atter Firin§• 

(!) On the Tar§et• 

From reeulte ot vapor saaples given in Table No. 11. it 
is estimated that man protected by gas mask only would experience about 
69.4% casualties from effects of HS vapor if exposed on the impact area 
from the 3oth to 66th llia. after firing. This est1mate is based on 
average results of vapor samples taken at 9 positions distributed over 
the target. 

EstiMt.d casual ties from the effects of BS vapor on 
exposure with protection of gas mask only on the target. for the 
period between the 30th and 66th .tn. after firing. ia Shown graphically 
on Chart 3a.F. 

(~) Outside of Target. 

Eeti.ated vapor casualties are gi~ in Table No. llA. 
based on reaul ta at aaapling pod tiona 30 yd. dow.r:nrind. . Froa the 
results obtained• it is estimated that personnel protected by gas mask 
only. would experience from 11 to 100 per cent casualties it exposed 
30 yd. downwind froa the impact position during the period frcm the 
3oth to the 66th .WWte after firing. 

(e) Esttaated Masked Man Caaualties Based 
on lttects on .An18ia. 

!• Firing Period and Following 20 Minutes. 

Animal casualties and estimated man casualties. based on 
effects on animals. are given in Tables Ho. l2A• 12B. and l2C representing 
exposure on the target during firing aDd the following 20 min. Results 
in these three tables are consolidated in the last two colUJDb,S of Table 
No• 13. From the consolidated results. it is estimated from aDilllal 
casualties. that personnel protected by gas :mask only. would experience 
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26% casualties it exposed on the target during tiring and the following 
20 min. In arriving at per cent estimated man casualties on the target 
from animal casualties, no weight was given to anilllal casualties which 
individual~ was not considered the equiTalent of a man casualty. 

!• Persistence ot HS on !!pact Area. 

Results given in Paragraph 9,b,(6),(e)~ ebow one animal 
casualty out ot two antaals exposed in shell oratere tor a period ot 
24 hr. on the 2nd day atter firin& and one out ot two exposed on the 6th 
day after tiring. Theee reeults show that caeualties would probably 
result if the impact area wae occupied D,y pereonnel within 6 daya after 
tiring, tor a period ot 24 hr. or leas, unleu they were protected by 
gas mask and illlpregnated clothing. 

(t) Comparison ot Per 6eat Estimated Man 
Casualties Baeed on Keaaurementa ot 
the Gas Concentration and gy Effects 
on r:ils tor illi Protected by Gas 
La l• 

!• On Target {100 yd. gy 200 yd.). 

In Table Mo. 13 estimated man casualties are given for 
each 20 yd.aq., representing an animal position based ona 

HS liquid aa determined by panel data 
BS vapor as dete:nnined by vapor samples 
CombiJJBd effect ot HS liquid and ftP or from s8.11.ple data 
From effects on animals 
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Table llo. 13. 

Estimated Masked Man Casualties on Tar1et on E!Roaure 
DUrin' Rrin~ and the foltowing !o KiD. 

{Area #b o£0 aq.yd.) June 15;r933. 

Stake t fiPaotuFrom HS liquid a From HS "'G:r &F'roa H! liquid 1From effects 
no. at nrithin 11il8t1M.ted man 1 c,t. dkst •a and 'ftpor 1011 animall 
center ofa2o-yd. I. casualties aval Ue1ted maruJatimated .U I m1 aJst1JUi-
20-y-d. a square I IO&aual•a casualties IO&aua1• 1ted man 
a quare I I a ties I I ties 10aaual-

I I I I I I t tiea 
I I % I I % I " • I " 13 2 44 • .40 • 100 • 100 I 0 I 0 

15 I 0 I 89 I .40 I 100 I 100 aERS I 100 
I I I I I 1 severe I 

17 I 0 I 66 I .40 I 100 I 100 a~med. I 100 
I I 1{1 a: 2) 1 

19 I 0 I 40 I e34 I 100 I 100 aiR light 1 0 
21 I 0 I 13 I .10 I 93 • 94 • 0 I 0 
35 I 0 I 84 t .SO I 100 • 100 aERS death 100 
37 I 1 I 95 t1.00 1 100 100 aS light 1 100 

I I I I • (1) I 

39 I 1 I 82 I e60 I 100 I 100 aR light I 0 
41 0 I 67 I e20 1 100 I 100 I 0 I 0 
43 I 0 I 40 I .12 I 100 I 100 I 0 I 0 
57 • 0 I 73 I .60 I 100 I 100 I 0 I 0 
59 I 0 I 98 a1.10 I 100 I 100 aERS I 100 

: I I I I 1 severe I 
61 I 0 I 75 I .60 I 100 • 100 1S2 aed. a100 

•• • I I • I (1) 
63 I 0 I 66 • .ls • 100 I 100 • 0 • 0 
66 0 oiO • .10 I 93 I 96 I 0 I 0 
19 I 1 I 93 11.00 1 100 I 100 1ERS I 100 

I I I I I 1 severe I 

81 I 0 I 98 11.60 I 100 I 100 I 0 I 0 
83 I 0 I 82 1 .eo 1 100 I 100 I 0 I 0 
85 I 0 I 61 I e30 I 100 I 100 I 0 I 0 
87 I 0 I so I .t20 I 100 I 100 aS light s 0 

101 I 0 I 96 a1,00 1 100 100 aS death : 100 
103 I 1 I 89 11.ao 1 100 I 100 aERS 1100 

I I I I 1 death t 

105 I 0 I 73 a1.00 1 100 I 100 I 0 I 0 
107 0 75 I .SO I 100 t 100 1E light 1 0 
109 I 1 I 69 la20 I 100 I 100 I 0 I 0 
123 I 2 I 93 11.00 I 100 I 100 1ER I C) 

I I I a aenre I 
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Table Bo. 13 (Cont'd.) 

Stake a Impacts :from HS liquid 1From. HS vaporaFrom. RS IiquldJFrom. e!'lects 
no. at 1withi:n aEsti:u.ted. man 1 o.t. a 1 and vapor aon animals 
center ofl2()-yd. I casualties avalueaBstima-aEiEiiated man I mr 1Eatia-
2()aryd. :square 1 1 1ted man 1 casualties 1casual- 1ted man 
square : 1casual-: 1 ties ICasual-

125 

121 

I 

I 

I 

I 

I . ' .. 
129 
131 

145 
147 
149 

I 

I 

I 

I 

I 

I 

161 I 

163 I 

167 
169 
171 

I 

I 

I 

111 I 

175 
189 
191 I 

193 
196 
197 I 

211 I 

213 
216 I 

217 I 

219 I 

I 

I 

fota.X andt 
. average 1 

0 

1 

2 
0 

0 
0 
1 

0( 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

l4 

1 I I tiel I I I ties 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

;t I I % I ;t I I % 
91 1 1.001 100 1 100 182 med. a 100 

80 

18 
18 

84 
91 
80 

78 
64 
89 
93 
80 
75 
73 
9S 
89 
81 
11 
87 
82 
11 
7S 
13 
73 

I I I I (l) 1 

1 •601 100 1 100 1ER 1 0 
a 1 1 a severe a 
I .60a 100 I 100 I 0 I 0 
1 •80a 100 1 100 aERS 1 100 

a a 1 severe a 
I eSOa 100 I 100 aS death I 100 
I .SOt 100 I 100 aR light I 0 
1 e30a 100 a 100 aKF deatha 100 

I t I (2) I 

.3oa 100 1 100 1ER med. a 

.so1 100 a 100 a o 
I ella 100 1 100 aER •d• 1 

I ella 100 I 100 t 0 I 

I elll 100 I 100 t 0 I 

.sla 100 1 100 1 o 

.soa 100 100 aiR med. 1 

I .06 I 66 I 97 I 0 I 

I .06 I 66 I 96 I 0 I 

I •06 I 66 I 96 I 0 I 

I .06 I 66 I 90 I 0 I 

I .03 I 42 I 92 I 0 
1 .o2a so 1 87 a o : 
I .02 I 30 I 80 I 0 I 

I .02 I 30 I 81 I 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I .011 12 I 76 I 0 
I .011 12 I 76 I 0 

I 0 
I 0 

• 1 aa.r~ s1.a I f6 
: I 

NOTE a - Symbols used in column 7 to deei~ate the nature of the animal 
casualties are explained in paragraph 6 ~· 
(1) designates rat in cage on ground. 
(2) designates ~t in cage suspended at an elevation of 18 in. 
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Results in Table Ho. 13 show 97.~ eatimated caaualtiea 
based on HS liquid and vapor samples and 26% based on effects on animals. 

!• On Impact Area (100 yd. B7 160 yd•) 

The impact area as defined in paragraph 9,b,(7),(b) 
il 100 yd. wide by 160 yd. long. It includes that part of the target 
north of' a line parallel with its short axis passing through a point 
40 yd. north of' the south aide of the target. It includes the data 
in Table No. 13 exclusive of results on 20 yd. squares represented by 
stake numbers 189 to 219 inclusive. A summary of' data on the impact 
area is given belowa 

Total number of' effective bursts - 15 
Estimated casualties based on HS liquid - 74.~ 
Estimated casualties based on RS vapor - 99.6% 
Estimated casualties based on HS n.por and HS liquid - 99.7% 
Estimated casualties based on animala·w· :52.5% 

(g) lumber of Shell Re uired to Produce 5 Man 
Casua ties. 

From data given in the preceding paragraph it a.s estimated 
that the burst of 15 shell on an area of 16,000 sq.yd. would produce 99.~ 
casualties based on measurement of HS liquid and w.por present and 32.6% 
based on effects on animals, when personnel protected by gas mask only, 
are exposed on the impact area during tiring and the following 20 min. 
On this basis the following number o.t' shell per 100 yd.aq. are required 
to produce 50% casualtiea when man is protected by gas mask only. 

Baaed on HS liquid and vapor samples - 4.8 shell 
Based on effects on animals • 14e6 shell 

Average 9.7 shell 

(8) Conoluaions. From the reaults o.t' the present teat, 
the tollo~ng oonclusions are drawn with respect to the use of 155~ 
howitzer shell .filled with HS, when fired under the meteorological 
conditions existing at the time of the test. 

(a) The number r:£ shell required per 100 yd.sq. 
to produce 50% casualties when distributed as equally as practicable, 
are as follcnrsa 

1. When man protected by gas mask and standard 
impre111ated clothing ia exposed during the tiring period - 72 shell (aee 
p. 36). 

.tppeDdix F • 41 • 



_____ ......_ __________________________ _ 

• 
,.i .. CHART 1 
V'"".t:pT Of" .tiS: FILLED. /55:-mm HOWITZER ::JI-I£LL. 

I:PR.)O.t~C:T 

. A -------'WJ-- / 

17 
@ o/" .!I 

0 

I. 

-II -IJ 
@ 0 
G 
m~ ,5" 
[] 0 

" ~ 8J 8.5" lll 

0 © 0 @ 0 
M 

/01 m M 107 /09 

0 0 @ 0 0 
)( 

~1?.9 /.11 
@ 0 
/57 !.fJ 

0 0 
0. 
~/lJ /7$' 
@--- p: -"fZr-· -------· ~ 

. j 

;, HI © 0 0 
/P$' /17 
0 CD 

rn rtr i/.9 
!-- 0 m 0 

I .. 
'+1Yo1fo..i;.t""' ri,l'l£1.6 t!''sQ;A,u MttE P.1c-£.Q ·• 
·_ • .¢.57:1a&~n<U:~.L.__ . :_ .... -
i, I : 

• 50YD5 .. I 

SeA.<.£ 



i 
---;------

1 ~~~4-~~~~~L_+-~~---+--·~---~,~~---~~~~~~~~-.~---~------~---~ 



'-{ 

' i 
~- +-~ 



I. 
I 

-+ 

- f - I 

• .. I 

--- ~---- fl I i 

- --- _____ j ____ CHAJib- ~_£ ______ ; ____________ __:__ _____ ·- ]_ __________ ... ------------

[7-EST OF h'~ Fl LLElJ !Sj5"?N•)k2MT¥R 51/ELL 
. I / : ii) · i -·- i /PROJECT A/1-lv: .. ! 

l i r ' , ' - l - ' ... LUN£ 1,5] I 9~.8 : 

~JNAT£D.bAN CA5UA~7ZES L)O£ -J,., EFFECTS 
I I I /_.-JV 

_ ______,1_ _ 1 ___ • if~VAEOE.:IL __ l ____ _ 

' '. 
' 

-x 
I 

X! 
I 

SOY.OS "'" 







• • 

i-

,w ~ 

-0- p 
---t--~'-----'--#1+---:::-'----!------i--~-'--~----+---J..-- - ---- ---- -·-

_:&----·-· -~ J\~ ~ ~ 

~-ct--t--t---'-+.,-t--.,---+----;-a~~__,-_.__,. ____ ___, ____ ~-...J[..__--1---~-------------·-· ---

._ j l. . i i I 

---;---~-4----::-b+-~~~-l----t ----~ ~ Vt)Cy4f 

----T--------+- .. -- t--+---r~+-·-t- ----+---~. ---~-----~--,- -+-L-£u£ND :;: 
- ___ l__ __ ~-- ,-- ~ --i----,--1--' ' - -b-£:Szi~·~Ji'ed,... 'c;;s-11~~-
-T ~-~-----~--:,--r--r-1, --"- _T __ ,_- -.-~-ttm-.rl.rd'~..J t:uwtltes. .. _::'_.:;; 

. . ~ 'at..tt ~lll<ti ' ------~----------------------
1 . . . . I . . ' 



---- ...... .,----~----

2. When man protected by gas mask only 
is exposed during the firing period and tollowing 20 min. - about 
10 shell (see p. 41). 

(b) That a teet be coDduoted with the target 
located in 110 od.s, instead of open country, to determine the effeots of 
terrain on the number of shell required tor etteotive results. 

~· Test of Ju~ 6, 1933. 

(1) ~bteot. To determine the number ot HS filled 1551ml.o 
holf'ftz'tll" shell require o produce 60J' casualties when fired about 1 hr. 
before sunset at personnel protected by gaa •sk only, who are located 
in wooded oountr,y and are exposed on the ~pact area for a period of 
25 min. including the firing period. 

(2) Materials Used. Forty KII, 166-mm. howitzer shell 
filled with HS, were used in the teat. The history of these shell 
and the type of fuze and booater used are given in paragraph 4. 

(3) Target. The target was a rectangular area 100 yd. 
by 200 yd. deep, located in wooded country on "H" field in the vicinity 
ot coordiD&tes 690.8, 1863.7, with its long axis oriented in line with 
the direction ot fire. The target was covered with large trees about 
100 tt. tall, with very little undergrowth and the aoil was moist due to 
a hea"fY' rain tour days previous. The tar,et was divided into 10 yd. 
squares by placing numbered stakes t.t 10 yd. intenale. Paper panels 
8 in. square wen distributed over the area by placing one at each 
stake position. On alternate 20-yd. squares, a goat was placed in a 
fox-hole about 18 in. deep, located at its center. On intervening 
20-yd. squares, a rat in a cage was suspended from a stake at an 
elevation of 18 in. At alternate rat positions, a cage containing a 
rat was placed under the suspended rat. The target was located at a 
ra~ge of about 6,400 yd. tram the position of the howitzers on "C" 
field (see paragraph 4). 

Chart lG, acooapaqing this report shows the target aa it 
wu prepared for the teat with position of animals, panels and sem.pling 
ma.chines. 
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(4) Firing of Shell. 

{a) Miiustaent. Seventeen shell were used. 
Registration fire was directe at a position about 200 yd. east of the 
target. Firing started at 4a69 P••• and euded at 6a27 p.m. 

{b) Firing tor iffeot. The howitzers were ranged 
in parallel tor ~pact on a line through the short axis of the target. 
Firing started at 6al0 p.m. aDd end~ at 6al7 p.m., a period of 7 min. 
Twenty-three Shell were used. 

A photostatic oop7 of a Keaorandua dated Jul7 12 1 1933 
to Capt. C.E. Loucka, from the Battery COliiii8Zlder giving firing data 
by round, is attached to this report. 

(6) Meteorological Conditions. 

The following is a record of meteo~ogioal conditionsa 

(a) Firing am the Hour Following. 

Tille 
Air teaperature, °F. 
Ground tempare.tu~, °F. 
Relative hu111di ty • % . 
Wind, .. locit,y m.p.h. 

6al0 P••• 
8:5 
'19 
46 

7c00 p.m. 
80 
77 
47 

o~.o 3.o (on open area near target)• 
Wind velocity m.p.h. (on target)• 
WiDd direction 

too low to turn ftlle anemometer 
sw sw 

Sq clear clear 

•taken at an elevation of 6 tt. 
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(b) During First Bight D!f& Following Teet. 

(6) Reaulta. 

(a) Iapaota. 

The poaitiona of impaota are shown on Chart G2. There 
were 20 impacts accounted for in and aroUDd the target ot which 8 were 
bursts on the target. 

Ot the 40 shell fired including the 17 used tor adjustment. 
there were 8 dude. 

(b) Size of B8 Drpr•• 

The distribution and aize ot BS drops were registered b,y 
paper panels 8 ia. square placed at 10 yd. intervals oTer the target 
(eee paragraph e-.a). Panel• showing HS drops of 0.1 mg. or larger are 
tabula. ted in the following table1 
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Table No. 14. 

Humber of Panels Showing HS Drops ot 0.1 mg .. or Larger. 

Panel 1 No. o? !! dro~s 
no. 10.l to tOver 0.6 10ver 1.6 :Over 3.6 

:0.6 mi.1to 1.0 •i••to 3.0 ~·~ 5• 
33 t 1 I 

51 I 50 10 I 

62 100 20 I I 

'74 l I 

84 I I 3 
85 15 6 I 1 
95 I 5 3 I 3 I 3 
96 I 10 2 I 

97 I 15 2 I 1 
107 6 I 

106 3 1 
109 I 5 I 3 I 

120 I 3 I I 

121 I I 1 I 

132 I 15 5 3 I 

141 I 25 26 : 10 ' 143 I 15 I I 

151 I 60 I 5 I 

152 I 26 3 I I 

153 I 6 2 ' 154 I 20 I I I 

163 I 10 I 6 I 

164 I 2 I 1 I 

175 I 11 2 I 1 
186 I 20 
194 I 6 
196 I 100 I 20 
196 I 1 
206 I 60 I 5 
206 I 26 I 26 I 25 I 

207 I 10 3 I 

217 I 36 25 I 10 l 

218 2 1 I I 

220 2 I 4 I I 1 
226 I 5 I 2 l I 3 
227 I 11 ., 3 3 
229 I 6 
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( o) .Eatimat ed llan Ca.sual ties from Liquid HS. 

1. llan Protected 'by Gas Mask ~t without 
Protection ot t.eregaated Clothing. 

The paper panels on the target were tabulated tor density 
of pattern using the pattern aoale attached to this report. Result• 
are tabulated in the folloWing tables together with estimated man 
casualties. The baais of estimated casualties is explained in paragraph 
6,~. 

Table No. 16. 

Estimated lla.n Casualties from BS Liquid Baaed on Panel Data. 

Patter.aaPanela claaaitiedal8ttaated casualties 

BeaTY 
JlediUil 
Light 
Trace 
No HS 
fotal 

1 lo. aPer cent ot a for JD&D. protected by 
I 1 total on 1gas mask only 

I 

II I 

I 17 a 
a 12 a 
a 18 a 
a 19 a 
I 166 I 

a 231 I 

i»a!let a 
I % 

7 •• a 7.4 
6.2 I 6.2 
7.8 a 6.2 
8.2 I 4e9 n.• a 

106.6 21.7 

Man Protected~ Gas M&8k aDd Standard 
l!fregaa.ted C thini. 

Fraa reaulta in Table No. 14, a. tabulation is given in 
Table No. 16 pf panel• showing HS drops of 0.6 mg. f¥1.' larger, together 
with estimated casualties for un protected by gu mask and standard 
impregnated clothing. The ba.ais of estimated casualties is explained 
in paragraph 6 •.!• (2). 
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Table Bo. 16. 

Eatimated Man Oaaualtiea troa HS Liquid Baaed on Panel Data. 

Size of HS dropsrio. otaEatimated casualties tor 
apanels aman protected b,y gas mask 

aand atand.ard impregnated 

Dlge I 

One drop or more 1 

between o.6 to 
leO but with DO I 

drop exceeding 
1.0 I 

One drop or morea 
exceeding 1.0 

fotal 

12 

29 

1 olothi! 

166 

I 

I 

Total panels on target - 231. 

6.2 

8.2 

(d) Betimated Man caaualties from HS Vapor. 

Vapor samples were taken at positions ahowu on Chart lG. 
ln Table• 17, 17A• 18 and 18A which follow, the vapor concentration, 
c.t. value and per oent eatimated casualties from HS n.por tor man 
protected by gaa -.ak only, are given tor eaoh aampling position. 
The basis of estimated casualties is explained in paragraph 6,~ • 
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1. Firing Period and Following 22 Minutes. 

Table lJo. 17 • 

Eatt.ated BS Vapor Caaualties on Target. 

S•plingiElevationiVol. of a JJS' 1 Vapor1c.t. 1Estiu.ted oaaualtiea 
polition a ot a air sam-a sampled 1ooncn. 1value 1tor JDaA protected by 

F 
G 
J 
K 
N 
0 
R 
s 

I 0 
I 1 
I 0 
I 1 

I 

I 

I 

0 
1 
0 
0 

a pled a a a • a gaa u.ak only 
a liters a ag. amg./1. 1 a ~ 
a 828 2.4 a .oo291 .o7 : 73 
I 884 12o5 I e0142a o36 I 100 

894 2.0 a .oo22a .os a 58 
I 922 I 11.2 II e012la o30 I 100 

884 I 0o8 I e00091 o02 I 30 
894 I 12e9 I e0144a .26 I 100 
868 : 0.4 a .ooosa .01 a 11 
842 t 18.9 a .o224a .ss a 100 

•Based on a time period of 26 min. (l/2 firing period plus 22 min.). 

D 

L 

B 

p 

f 

I 

I 

I 

I 

I 

I 

Te.ble No. 17Ae 

Estimated HS vapor Casualties e.t Sa!fling Positions 
dUtalde of Te.rget. 

0 
1 
2 
4 
0 
1 
2 
4 
0 
1 
2 
4 
0 
1 
2 
4 
0 
1 
2 
4 

I 

I 

I 

a 

I 

I 

I 
I 

I 

636 
636 
636 
636 
607 
607 
607 
607 
627 
627 
627 
627 
698 
698 
698 
588 

a 33.5 
I 28el 
I 14o3 
I 8o6 

5.4 
8.2 
5.e 

I 2.6 
I 2.8 
I 4o6 
I 2.2 

0.4 

1 .o'll41 
t .06001 
a e0306a 
1 o0183a 

.004la 
I e0041: 
a .00381 
I o0016t 
1 .o043a 
I .0043 I 
1 .00431 
a .00401 
a .ooesa 

.0131: 

.o093a 
1 e0042a 

.oo471 

.00781 
I e0037 I 
1 .00011 

1.79a 
1.601 

.T6a 

.46a 

.io1 
olOa 
.loa 
.041 .n. 
.111 
.n~ 
.lOa 
.22. 
.33a 
.231 .n. 
.12: 
.19a 
.09a 
.02: 

106 
100 
100 
100 

93 
93 
93 
60 

ioo 
100 
100 

93 
100 
100 
100 
100 
100 
100 

86 
30 
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!• FrODL the 32nd to 67th Minute after Firing. 

Table No. lB. 

Eeti.Bated HS Vapor Casualties on Target. 

Sampling1Elevation1Voi. of 1 HS 1Yipor t o.t.aEstimated casualties 
position I 1air sam-1aampled1conon.:value:tor man protected by 

I led I I I I as mask onl 
I I liters I mg. lll.ge le I I 

c I I 938 I 1.2 I .00131 .03 I 42 
F I 1140 I 2.4 I .00211 a07 I 73 
G . 1214 I 12.7 1 .010-t1 .37 I 100 . 
J 1254 I 0 l 0 I 0 I 0 
K 1. 1270 I a.o 1 .0063a .22 I 100 
N I 1214 I 0 I 0 I 0 I 0 
R I 1214 I 0 I 0 I 0 ' 0 
s I I 698 I 16.1 I a0269 t a94 I 100 

AT. 61.9 

Table No. 18 A. 

Estimated HS Va~or Ca.aua.ltiea at SamfliUfi Position 
Outeide of firget. 

H • 0 • 442 • 17.6 • .o3971i.s9 I 100 
• 1 442 • 17.6 a .0397 al.39 1 100 
I 2 I 442 I 17e5 a .039711.39 1 100 

4 442 I lle6 1 e02Male89 1 100 
L 0 462 l 3.8 • .oo821 .2s I 106 

1 462 • 4.0 a .00811 .31 • 100 
I 2 I 462 I 3.0 a .00661 .23 1 100 

4 I 462 l 3.0 l a0066 a e23 I 100 
p 0 .u1 • 15.6 I .634611.21 I 1oo 

I 1 I 447 I 17.1 I .038211.34 I 100 
l 2 I 447 I 13.1 1 .o2931la03 1 100 
I 4 I 447 l s.a I .01301 .46 I 100 

if I 0 I 421 I 6.6 I .6145a .66 I 106 
1 421 • 6.4 I .01281 a45 I 100 

I 2 I 421 I 4.6 a .o1o91 .se 1 100 
I 4 I 421 l 2.6 I e0062 t a22 I 100 
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(e) Estimated Man Casualties Baaed on Effects 
on ..Animals. 

Animals consisting ot goats and rats were placed on the 
target at the positions shown on Chart lG. Animal casualties and 
estimated man casualties for man protected by gas mask only, are &iven 
in Tables No. 19A, 19B, aDd 19C. Animal casualties and estimated man 
casualties, based on effects on animals, are shown on Charta 5G aDd 
6G. The basia of estimated casualties and the symbols used in this 
table and on the charts to designate the nature ot the aniJDal casualties, 
are explained in paragraph 6 •.!• 

l:• Firing Period and Following 22 Minutes. 

Table No. 19A. 

Estimated Masked Man Casualties Based on Effects on Rats 
Suspended at an Elevation ot is in. 

Appendix F 

Poaition1 lfatUre aSeftrity1Ltimated man cas• 
of a ot a ot 1 ualties 

stake ICasualtzaoaaualtya 
I I I " 109 I s I Jledium I 100 

1i9 I ER aDeath Iiia ioo 
I 1 4 days I 

163 I s 1 Medium I . 160 
l§s I s 1 Medium I 1oo 
197 I s 1 iediwa 1 106 
217 s

2
R aDeath ina 

a .. 4 dqa I 

106 

Total suspended rat positions • 25 
Estimated man casual~ position& - 6 
Per cent estimated man casualties - 24 
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Table No. 19Be 

Eat~lted Masked Man caaualtiee Baaed on Ettecte on Rata 
in Cagee on GroUDd. 

Podtion1 l'atUre 1SeveritY1Eatli11Ated man cas• 
ot 1 ot 1 ot 1 ualtiea 

stake IC&aual$YIC&sualty1 
I I I ~ 

86 S 1Death in 1 100 
1 4 days 1 

129 ES 1 Jlediua 1 100 

Total ground rat positiona - 1~ 
Estimated man casualty positions - 2 
Per oent estimated man casualties • 16.4 

Table No. l9C. 

Estimated Masked Man Caaualtiea Baaed on Etfeots on Goata 

19 ER 1 lfediua I 0 
S9 I ER 1 Keaiua I 0 
43 I E 1 Medium 0 
83 ' E I light 0 
87 t ERS 1 l4edilDl t 100 

107 I BR 1 llediua 0 
127 I E I Light I 0 
131 f ERS 1 Medium 100 
147 I ER 1 Medium I 0 
161 t KF 1 Death I 100 
167 t s I Light I 100 
111 I s I :tlediu.m I 100 
175 ' EzR 1 Severe t 0 
191 I RS2 1 Medium t 100 
196 I ERS 1 Death I 100 
219 : ERS r Medium I 100 

Total goata exposed • 26 
Estimated man casualty positions - 8 
Per cent estimated man casualties - 32 
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!• Fourth and Seventh D~ After Firing• 

Two goats were exposed in shell craters located between 
stakes 19~ and 195 for a period of 24 hr. on the fourth day after firing 
and two additional goats were exposed at the same position for a period 
of 24 hr. -on the seventh day after firing. Bone of these goats showed 
casualties. 

(7) Ddscussion. 

(a) Shell Distribution. The positions of 
impacts on and around the target are shown on Chart 2G. There were 
six normal bursts on the target and two tree burats. Bone of the bursts 
outside of the target were appreciablY effective on the target so that 
total effects on the target were due to the burst of 8 shell. 

(b) ~act Area. For purposes of discussion the 
impact area may be regarde~s that part of the target east of a line 
through stake 6 and 226 and south of line throu~ stakes 23 and 28. 
It is shown on <:hart 2G and the animal squares (20-yd. squares) of whioh 
it is composed are given in Table Bo. 21. 

(c) lattmated Casualties from Liquid HS. 

l• ~fect of Meteorological Conditions. 

The wind wlocity over the target during firing was zero 
so that distribution aDd casualty effect of liquid HS were not affected 
at all b,y meteorological conditions. 

2. Btfect1 of Terrain. Of the eight shell 
bursts on the target. two-were due to tree LRpacta. Theoretically. the 
burst of shell filled with HS above the ground. as in the case of bursts 
on t.paot against trees, will result in greater distribution of the 
liquid HS with a corresponding greater percentage of casualt,y effects 
than in the case of bursts on illlpact with the ground. 

Man Protected by Gas Mask but w1 thout 
Protection ot l!pregnated Clothing. 

It is estimated from results in Table Bo. 16, that personnel 
protected by gas mask only, would experience about 23.7% casualties from 
liquid BS if they remain equally distributed over the target during the 
firing period. The liquid HS on the target was due to the burst of 
eight shell. On the basis of 8 shell on an area of 20,000 sq.yd. to 
produce 23.~ casualties from liquid BB when personnel are protected by 
~s mask only, it will require 8o4 shell per 100 yd.sq. to produce SO% 
oasualtielo 
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.!• Man Protected by Gas Mask and standard 
!Bpregeated Clothing. 

From results in Table No. 16 it is estinated that personnel 
protected by gas mask and standard impregnated clothing who are exposed 
on the target during the tiring period will experience about 8.2,% cas
ualties, if they are equally distributed. On this basis it will re
quire about 24.4 shell per 100 yd. sq. to produce 60% casualties. 

(d) Effect of' HS Vapor. 

l• Discussion of Meteorological Conditions. 

During the present test, the air temperature was 83°F. 
and air travel over the target was too law to be registered by a ~e 
anemometer. These conditions were extremely favorable for the use of 
HS. 

!• Firing Period and Followi!!£ 22 Minutes. 

(.!,) On Tare.et. 

Results of' vapor samples taken at 9 •a.pling positions 
on the target are given in Table No. 17 tor the tirtng period and 
following 22 min. The vapor concentration for each 2o-yd. square of 
the target was figured :f'rom results in this table, taking into con
sideration the positions of nearest impacts and wind direction. rhese 
results are given in the fifth column of Table No. 20. From the average 
of the figures in the :f'ifth colWDll, it is estimated that personnel with 
gas mask protection only, would experience about 64.~ casualties if 
exposed during tiring and the following 22 min. 

Per cent estimated casualties from effects of HS vapor 
is shown graphically on Chart 3G. The shaded area on the chart represents 
that part of the area on 11hich it is estimated lOOJ' casualties would be 
produced by effect or HS 'Vapor when man is protected by gas mask only. 

~) Outside of Target. 

Estimated casualties at sampling pottions downwind from 
the target are given in Table No. 17A tor the firing period and following 
22 miD. All positions d01filllind from the target showed a strong concen
tration or BS "'&por. The presence of HS vapor at the five sampling 
positione was partly due to the dri.tt of HS vapor downwind :f'rom the target 
and partly to the burst or shell outside of the target near the sampling 
positions. 
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!• From the 32nd to 67th Minute A:f'ter Firing• 

~) On Target. 

From results ot vapor saaples in Table No. 18, it is 
estimated that personnel protected by gas mask only would experience 
about 51.9% casualties from effects of BS ~por it they are exposed 
on the1arget from the 32nd to 67th minute after firing. Estimated 
casualties are shown graphically on Chart 3aG, for the period. 

\2) Outside of Target. 

Estimated vapor casualties are given in Table No. l8A 
based on results at sampling positions downwind from the target. The 
results show lOQ% estimated casualties from etteot of HS vapor, if per
sonnel protected by gas mask only are exposed about 30 yd. downwind from 
the target from the 32nd to the 67th min. after firing. The vapor 
concentration set up downwind from the target was partly due to the 
drift of HS vapor from the target and partly to the burst ot shell outside 
of the target near the sampling positions. 

(e) Estimated Man Casualties Based on ~ffeots 
on Aniili&ls. 

J:• Firing Period md Following 22 lfinutes. 

Animal casualties and estimated man casualties, based 
on effects on animals, are given in Tables No. 19A, 19B, and 19C 
representing exposure on the target during firing and the following 
22 min. The results in these 3 tables are consolidated in the last 
two columns of' Table No. 20 where consolidated results, based on animal 
casualties, show 3~ estimated man casualties. The results in these 
two colUl!Uls are also shown graphically on Charts 6G and 6G. 

!• Persistence of HS on Impact Area. 

Results given in paragraph 9,o,(6),(e),2 showed no cas
ualties on exposure of two animals in shell "Craters for a period of 
24 hr. on the 4th and on the 7th day after firing. These results indi• 
cate that the area could probably be occupied b,y unprotected personnel 
following the 3rd day after firing without experiencing serious casualties 
provided shell craters were avoided. 

Appendix ,, - 54 -



(f) 

1. On Target (100 yd. by 200 yd.). 

In Table No. 20. estimated man casualtiea are given 
tor each 20 yd. sq •• ~resenting an animal position based on: 

HS liquid determined by panel data 
HS 'V&.por determined by w.por samples 
Combined effect ot HS liquid and vapor from sample data 
From effects on animals 

Table No. 20. 

Durin 

Stake IImpaOtsiFrom HS Ii~i41from HS !!fOrtFrom HS IiquidrFram effects 
aEstima.ted man a c.t. 1Eatima-:. and Tapor aon animals no. at nrithin 

center a2<>-yd. I casualties avalueated manaEstim.ated man : Animal 1Estfiilfi-
ot 2o-ydasquare I I acasual•t casualties aoasual- :ted man 
square I I ' ties I ties aoasual• 

I I I I ' ties 
I % I % I % : % 

13 I 0 I 0 0 I 0 0 0 
15 ' 0 1 .01 I 11 I 11 0 0 
1'7 I 0 I e03 I 42 I 42 I 0 0 
19 I 0 I .o3 1 42 t 42 1ER med. I 0 
21 . 13 .1 .03 I 42 I 50 0 0 . 
35 I 0 . 0 0 ' 0 I 0 0 . 
37 I 0 I ,05 I 58 58 I 0 0 
39 1 I 36 I .20 I 100 ' 100 1ER Med, I 0 
41 I 29 I .20 I 100 100 I 0 0 
43 16 I el5 I 100 100 :ER med, I 0 
5'7 0 0 I 0 0 I 0 0 
59 I 0 a .o7 I '73 '73 I 0 0 
61 I 53 I .20 I 100 100 I 0 0 
63 I 56 ' .36 I 100 100 0 0 
65 I t 0 I o16 I 100 100 0 0 
'79 t t 0 ' 0 I 0 I 0 0 0 

81 I 0 I e06 I 58 I 58 I 0 0 
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Table He. 20 (Cont'd.) 

a~pactaFrom HS IiquidaFrom BS TaJeOraFrom HS liquid:From effects Stake 
no. at awithinaEstimated man 1 c.t.aEstima•a and vapor aon animals 
center ota 20-yd.a casualties avalue:ted manaEstimated man a Animal aEstima• 
20-yd. asquarea a casual-: casualties a casual- ated an 
•quare I I : I tie• a ties a casual• 

I I I I t ties 
I I % I I ;c % I I % 

83 I I 42 I o20 I 100 100 aE Light I 0 
85 I 1 I 69 ' .so I 100 100 aS death I 100 

I I I I (1) I 

87 I 18 I .15 I 100 I 100 aEBS aed.: 100 
101 I I 0 I 0 I 0 0 0 0 
103 I I 0 I o06 I 58 68 0 0 
105 I 18 I o20 I 100 I 100 I 0 0 
107 I 58 I o30 100 I 100 aER aed. I 0 
109 I 58 I .20 100 100 aS med. 100 
123 I l 0 I 0 0 0 I 0 0 
126 I I 0 a .o4 I 51 51 I 0 0 
127 I 9 ol5 I 100 100 aE light : 0 
129 I 29 o36 I 100 100 aES deatha 100 

I I I I I (1) I 
131 I ; I 35 I 0 35 I 100 100 aERS med. 1 100 
146 . 0 0 I 0 I 0 I 0 0 . 
147 0 o03 1 42 I 42 aER med. I 0 

I I I I (1) I 

149 : 15 ol2 t 100 I 100 aER deatha 100 
151 I 2 eo .so I 100 I 100 I KF I 100 
163 I 86 I o!55 I 100 100 aS med. I 100 
167 I 0 I .o I 0 0 aS light a 100 
169 : I 0 I o02 30 30 I 0 : 0 
171 I 15 I el5 100 100 aS med. 100 
173 I 44 t .29 I 100 100 I 0 I 0 
175 I I 74 ol5 I 100 100 aE2R I 0 

I I I a severe 
189 0 0 I 0 0 I 0 0 
191 I I 0 I oOl a 11 11 aRS mtd. I 100 
193 I I 20 I o15 I 100 100 aS med. I 100 
195 3 69 I e40 I 100 I 100 aERS death 100 
197 I I 67 I el5 I 100 : 100 aS med. 100 
211 I I 0 I 0 0 . 0 0 0 . 
213 I I 0 I o01 1 11 I 11 0 : 0 
215 . 33 I ol0 I 93 I 96 I 0 0 . 
217 1 90 I o30 I 100 I 100 aS 2R 100 

I I I 1 death I 
219 I 60 ' el6 I 100 I 100 1ERS med. 1 100 

Total and 1 8 I 2!5.8 I 64.31 64o8 I I 32 ,. 
avera&!ie I I I I 
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NOTE1 - Symbols used in column 7 to designate the nature of the 
animal casualties are explained in paragraph S,o. 
(1) designates rat in oage on ground. -
(2) designates rat in cage suspended at an elevation of 18 in. 

Results in Table No. 20 shaw 64.~ casualties based on 
sample da1a and 32% based on effects on animals. 

2. On lmp&ot Area (10,800 sq.yd.}. 

rhe impact area as defined in paragraph 9,o,(7)(b) is 
shown on Chart 2G and tba 20-yd. squares, included within-! ts •rea, 
are tabulated in Table No. 21. On its area ot 10,800 aq.yd. there 
were 8 bursts. Resultu in Table No. 21 shaw 97.6% estimated casual• 
ties baaed on sample data and 51.8% based on animal data. 

Table No. 21. 

Stake :ImpaotaFrom HS liquldrFrom HS vapor1From HS iiquid1From effects 
nrithin1Eatimated man a c.t. aEatima• 1 and vapor 1 on animals no. at 

center 12G-yd. 1 casualties avalueated man a!stimated man a kiimei 1Estlma-
ot 20~d.asquarea rcasual• 1 oaaualtiea 10asual- 1ted man 

square ties ties IO&.sual• 
I I ties 

• " " I " I I " 39 I 1 S6 e20 I 100 100 1ER med. 0 
41 29 e15 I 100 I 100 1E med. I 0 
43 I t 16 I .15 I 100 I 100 1E med. I 0 
61 I I 43 I .20 ' 100 100 0 I 0 
63 I 56 r .36 I 100 100 0 0 
66 I 0 I .36 I 100 100 0 0 
83 I r 42 I e20 I 100 100 aE light 1 0 
85 I 1 69 I e30 I 100 I 100 aS death I 100 

' I I I (1) I 

81 I 18 I el5 I 100 I 100 1ERS med.: 100 
106 I 18 I e20 100 I 100 r 0 l 0 
107 • I 68 I o30 100 100 1ER med. : 0 
109 l 58 I e20 I 100 100 :S m.ed. I 100 
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Table llo. 21 (Cont'd.) 

State ao. a Impact aFroa BS liquid aFr0111. RS vapor aFroa HS liquid aFro• efleot1 
at centerawithiniEsti-.ted Jll&\ll 1 c.t. 1Estia•a aDd v;!or aon anial.s 
ot 20·,-d. a20-yd. 1 cuualtiea nalue 1ted un 1Esti-.t man 1 .Ani.Dial 1EatGa-
square 1squ.area aoasual•a casualties a casual- ated man 

I I I ties a I ties acaaual• 
I I : I 1 ties 
I % I % I J I it 

12'7 I 9 I ol5 I 100 100 aE light 1 0 
129 I 29 I o35 100 100 aES deatha 100 

& I I I (1) I 

131 I I as .as I 100 100 aERS aed. a 100 
1,9 lS .oa I 42 Sl aER death1 100 
151 I 2 I 80 I el2 100 100 I KF 100 
16a I I 8S • .as 100 .I 100 aS med. I 100 
1'71 I 15 I el5 100 100 aS med. I 100 
1'73 I " I o29 I 100 100 I 0 I 0 
l'7S '74 .15 I 100 100 a~R I 0 

I I 1 severe I 

193 20 1 ol5 I 100 I 100 aS m.ed. I 100 
196 a 69 I o40 I 100 I 100 aERS death 100 
197 I 67 I o15 1 100 I 100 ,s med. 100 
215 I 33 I .10 I 93 9S I 0 0 
217 I 1 I 90 I e30 I 100 100 as3R 100 

I I I I 1 eath I 

219 I 60 I o16 I 100 I 100 aERS aed.a 100 
Total anda 8 I .s.a I §1.6. 91.6 I 51.8 
avera1• I I I I I 

IODa Symbols uaed in colu.n 7 to deei~te the nature ot the antmal - casualtiea are explained in paragraph 6,o. 
(1) designates rat in cage on ground. -
(2) designates rat in oage suspended at an elevation ot 18 in. 

(g) luaber ot Shell l~ired to Produce 6~ 
Jlaii Cas\l&lti••• 

From data given in paragraph,9,b,(7),(t),2 it was estimated 
that the buret of 8 shell on an area of 10,800-sq.yd. would produce 9'7.6% 
casualtiea based on sample data and 61.~ baaed on ettect• on animals, 
when personnel who have only gas mask protection are exposed on the illlpaot 
area durinc tiring and the folloWing 22 a1n. On this basis the tollowinc 
number of 1hell are required to produce 60,% caaualtiea per 100 yd.square1 
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Based on HS liquid md 'ftpor samples - s.e shell 
Based on etf'eote on animall • T.l shell 

Average 5.1 shell 

(8) Conclusions. From the results of the present test, 
the follaring concludone are drawn with respect to the uae of 166""'Dilll. 
howitaer shell filled with HS under the meteorologioal aDd terrain condi
tions of the teet. 

(a) The number of ahell required per 100 yd. square 
to produce 60% casual tiea when distributed as equally aa practicable, are 
as follow" 

1. When ma.n proteced by gaa mask end standard 
impregnated clothing is expoeed during the firing period - about 26 shell 
(see paragraph 9,~,(T),(c),!)• 

2. When an protected by gaa •sk only, is 
exposed on the target fora period ot 26 min. including firing- about 
6 shell (eee paragraph 9,~,(T),(g) above). 

(b) Thb test ehould be repea.tad due to the small 
nUllber of bursts on the target and the tact that all these bursts were 
on the dawmrind aide of the target. 

!• Teat of Ju§Mst 11, 1933. 

(1) Object. To determine the nwaber of HS-til1ed 166-mm. 
ha.it&er shell required to produce 6Q% casualties when fired about 1 hr. 
before sunaet at persollJlel protected by gas .ask only, who are located 
in wooded country and rema.in on the impact area for a period of 26 Jilin. 
including the firing period. 

(2) Material• Used. Forty MII, 166-mm. howitser shell 
filled with HS were used in the test. The history of these ahell and the 
type of fu&e and booster used are g1. ven in paragraph 4. 

(3) Target. The location of the target and positions 
of vapor aampli!lg macl'iines, panda and aD.imals were the same as in previous 
test oonduoted on July 6, 1933. At the time of the teat, the soil was 
wn from effects ot a rain on the previous night. 

Chart 1H, shows the target as it was prepared for the teat 
with positions of ani:alals, panels aDd n.por sampling maahines. 
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(4) Firi:ag of Shell. 

(a) ~u1tment. Fourteen ahell were u1ed. 
Registration fire was dire ed. at a poaition about 200 fd.• we1t ot the 
target. Firing started at 4t46 p.m. and. ended at 6tl0 p.m., a period 
of 26 min. 

(b) Firing tor Effect. fhe howitzers were ranged 
in pa.ra.llel for illlpaet on a line through the ahort axia of the target •. 
Firing started at 6a46 p.m. and ended at 6 a52 p.m., a period of 6 llin. 
Twenty-six shell were used. 

A photostatic oopy of a M•oranda dated August 11, 1933 
to C~pt. C.E. Louoka, from the Battery CoDUIIIUlder giTing firingdata 
by round, 1a attached to thil report. 

(6) Meteorological Condition.. 

(a) During Firing aDd Following Hour. 

Time 6a50 P••• 6t16 P••· 7a00 P••• 
Air t•perature, °F. 12 12 69 
GrOUDd teaperatare, °F. 74 74 71 
RelatiTe humidity, % 80 80 86 
Wind nlooity (on open. area 

m ar target) • slight drift slight drift slight drift 
Wind Telooity (on target)• slight dr11't slight drift slight drift 
Wil:ld trawl n: NE NE 
Sky cloudy cloudy cloudy 

•At an elevation of 6 tt. 
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(b) During the First Nine Daya Following Test. 

(6) Results. 

(a) Imt;ct•• The positions ot impacts are shown 
on Chart 2H. There were 2Spaots accounted for on and around the target 
of which 7 were bursts on the target. 

Ot the 40 shell fired including the 14 uaed for adjustment. 
there were 11 dude • 5 low order bursts and 24 normal bursts. 

(b) Liquid B!• 

1o Site ot HS Drops. 
the target were tabulated 1or size ot HS drops. 
following tablea 
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Table No. 22. 

Number of Panels Showing HS Drops of 1.0 mg. or Larger. 

Pane! a lo. of HS dro,E• 
no. a6.1 to rOver 6.5 aOver i.o tOTer S.o 
1 

a0.6 !'.1to 
a 2 & 

1.0 !i•ato 3.0 !I•' 
1 

H• 

7 a 6 2 I 1 
8 16 2 I 

9 16 I 2 
10 I 3 I 2 1 
12 26 I 

18 100 I 100 I 50 
20 5 I 2 I 

23 100 I 

31 3 1 
33 I 1 I I 

34 I 9 l I 

46 16 3 
48 3 I 

49 I 5 I 

52 I 15 
57 15 3 1 
59 15 5 I 3 I 2 
81 15 2 I I 

63 16 I 

64 100 9 ' 65 2 
69 5 3 t I 

12 3 I ' 74 2 l 1 
75 6 2 l 

82 1 
102 1 5 
103 2 I I 

136 11 I l 
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{c) Eatimated Man casualties from Liquid BS. 

Man Protected by Gas Mask but without 
'rOtection of Impregnated Clothing. 

fhe paper panels on the target were tabulated for density 
of pattern using the pattern aoale attached to thia report. Results 
are tabulated in the following tablea together with estimated man casual• 
tiea. The D&ail ot estimated casualties is explained in paragraph 6,~. 

Table lo. 23. 

Estimated Mas&d Man Casualties from HS Liq\tid Based on 
Panel Data. 

PatternaPanela claseifiedaEstimated casual• 
a lo. aPer oant otatiea tor man pro-

Heavy 
Jledium 
Light 
!race 
Bo HS 
Total 

z. -

a atotal on ateoted by gas mask 
a ; ta!liet • onlz; 

I I " I 6 I 2.e a 2.6 
I 24 l0.4r l0.4r 
I 32 13.9 11.1 
' 60 ' 21.6 13.0 
1ll8 I 6le6 
1Z!l I loo.o I 31.1 

Man Protected ~ Gas Mask and Sta.Dd.ard 
Iiprep.ated Clo hing. 

From results in Table No. 22, a tabulation ia gi~n in 
Table No. 24, of panels showing BS drops ot 0.6 mg. or larger, together 
with eatimated casual ties for JUD protected by gas mask and standard 
impregnated clothing. The basis of estimated casualties ia explained 
in paragraph 6 ,~, { 2). 
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Table lo. 24. 

Eatimated Masked Man Casualties fraa HS Li32id Baaed 
on Panel nata. 

a tper panel apelYta~et % 
One drop or morea 11 • 40 1 1.9 
between 0.6 to a a a 
1.0 bat with no : 
drop exceeding & 

1.0 mg. a 
6iie drop or more a 
exceeding 1.0 

if• Tot 

I 

I 

a 
6 a 160 

I 

a 
1T ' 

Total panels on target .. :231 

I 

a 
a 

1.6 

4.5 

(d) Estimated Man Casualties from HS Vapor. 

Vapor eaplea were ta.ken at posi tiona ahown on Chart lR. 
In Tables No. 25, 26A, 26 and 26A which follow, the npor conoentra
tiona, c.t. value. and per cent estimated ca.sualtiea from eftecta ot 
HS npor for un protected by gas maak only, are given for each sampling 
positioBe. The basis of eatilllated ca.sual ties is explained in para• 
graph 6,_!. 

.!• J'irin§ Period and Following 22 Minutes. 
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Table No. 26. 

Estimated Masked Man Casualties from HS Va2or on Target. 

Sampl1ngaElevatlon1Vol. o't 1 HS aVapor a c.t.aiit~ted -.n casualties 
position a of aair saa-aaaapled. aconcm. avalue1for an protected by gas 

a sAle z t1ed 1 1 a * smask only 
a • a !tera 1 mg. amg.)l. a 1 % 

C 1 1 1 860 1 3T.3 I o~38a 1ol01 100 
F I 1 I 836 I 4o0 I o0048t ol21 100 
G 1 0 I 824 I l5o7 1 o0l90t -.4Tz 100 
J I 0 860 I lloO I o01291 o32t 100 
K I 1 836 I 6o0 I o0060t ol6t 100 
]II I 1 I 824, I 3o 2 I o0039 I ol0 a 93 
o o 1 824 • 2.2 • .oo2Ta .o?a 1~ 
R 1 0 816 leO 1 o0012t o03t 4.2 
S t 1 824 0 I 0 0 I 0 

*Based on a 26 min. period (1/2 firing period plus 22 min.). 

D 

E 

B 

f 

L 

I 

t 

: 
I 

I 

I 

I· 
I 

• • • 
I 

a 
l 

a 
I 

• 
: 

Table No. 26A. 

Estimated Masked Man Casualties from Bs V!for at Position 
OUtslle.ot Targeto 

0 
1 
2 
4 
0 
1 
2 

" 0 
1 
2 
4 
0 
1 
2 
4 
0 
1 
2 
4 

I 

I 

I 

I 

I 

t 

• 
I 

a 
t 
I 

• 

425 
4.26 
426 
4.26 
418 
418 
4.18 
4.18 
4.12 
412 
4.12 
412 
4.26 
425 
425 
4.26 
418 
4.18 
418 
418 

I OeS 
I 2.4, 
I 0o4 
I lo0 
I 0o6 
I 0o6 
1 o.e 
• o.e 
I 1.8 
I 2•8 
a 1.6 
• 2.6 
a 2.2 
, o.8 
a o.4 
a Oo4. 

I e00l9 I 
I o0066 I 
1 .ooo91 
I .0023 I 
I .OOl4t 
a .00141 
1 e0014a 
I o0014a 

.ooa1 
I .00681 
1 .00391 
I .0063a 
•• b052: 
I o0019 I 
1 .ooo9 1 

1 .0009a 
t .6038: 
1 .00101 
•• 0096. 
, .ooaa. 

.061 

.14·1 

.02: 

.06: 

.04. 
o04a 
o04a 
o041 
.11. 
olTt 
.loa 
.16. .u. 
o06t 
o02t 
.02t 
.to. 
o02t 
.241 .os. 

68 
100 

30 
66 
56 
50 
60 
50 

160 
100 

93 
100 
106 

68 
30 
30 
9! 
30 

100 
80 
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Table Jo. 25A. (Cont•d.) 

Sam.pUng1Elevat1on:Vol. ot a liS 1 Vapora o.t. 1Eat1Ju.ted. oaaualtiea 
position1 ot rair eam-aeaapled 1ooncn. aftlueator aan. protected by 

p 

f 

a •a;~le 1 lled 1 a a • a gas u.ak only 
• ; itera 1 •&• aag./1. a a % 

• 
I 

a 

a 

a 

0 I 412 a 0e8 I e0019a o06 a 58 
l a 412 a 1.6 a .0039 a .10 a 93 
2 a 412 a 1.4 a .00341 .oe a 80 
4 a 412 1.0 a .0024a .06 a 66 
0 a 412 I 6.4 a .ooioa .o2 a So 
1 a 412 a 0 a 0 a 0 a 0 
2 a 412 a 0.4 a .0010t .02 a SO 
4 I 412 I 0 I 0 I 0 I 0 

Sample• taken at positions X and Q ehowed negative resulta. 

!• From the 32nd to ITth Mizmte Atter Firing. 

Table JJo. 26. 

Eati .. ted M&aked Man Caaualtiea troa HS Vapor on Target. 

c a 1 a 1234 a 26.1 1 .o2111 .74 • 106 
G a 0 a 1216 a 19.3 I .Ol69a .56 a 100 
J a 0 a 114f a 1.4 • .00121 .04 I 10 
K 1 I 1234 a o.e a .00041 .o1 t ll 
R a 0 I 1216 0 a 0 a 0 a 0 
0 a 0 a 1216 I 0 I 0 0 I 0 
N a 1 a 1234 a 0 a 0 a 0 a 0 
s a 1 I 1216 • 0 a 0 t 0 a 0 

lv. 32.6 
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Table No. 26A. 

Estimated Masked Man Casualties from HS Vapor at Positions 
Outside of farget. 

Sampling:Elevat1on1Vol. ot I HS 1Vapor 1 c.t.1Esttmated casualties 
position1 of 1air sua-asaapled IOOD.Oil. 1value 1for man protected by 

led I mask onl 

• 1 liters I mg. lmg. 
D 0 617 I o., z .ooo61 o02 I 30 

1 I 617 1.2 I .0019: .o? : 73 
2 I 617 I 1.2 I .00191 .01 73 

I ' 617 I 1.2 I .00191 .01 73 
E 0 115 1.2 I .66191 .o7 73 

1 635 1.6 I .00251 e09 I 81 
2 I 635 1.2 I .00191 e01 I 73 

I ' I 616 1.2 I .00191 e01 I 73 
H I 0 608 1.2 I .oo261 e01 I T! 

1 606 1.0 I .00161 .06 I 66 
2 608 1.0 I .00161 .o6 1 66 

I 4 608 I o.s I .0013&- e06 I 58 
I I 6 &12 ' o.4 I .ooo¥1 .o2 30 

1 I 572 I 0 I 0 I 0 0 
2 :I 672 I 0.4 I .00011 o02 I 30 
4 512 0 I 0 I 0 0 

II 0 617 o.6 1 .00101 .o3 42 
I 1 617 0 I 0 I 0 0 
I 2'.; 617 o.s 1 .00101 o03 I 42 

4 I 617 o.s 1 o0010t o03 I 42 
! 0 608 6.4 1 .00061 .o2 1 36 

1 I 608 I 0.4 I .00061 .02 I 30 
2 I 608 I 0 I 0 I 0 I 0 

I 4 608 0.4 1 .oooe1 o02 I 30 

S.nples taken at positions M, Q, and P showed negative results. 
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(e) Estimated Man Casualties Based on Effects 
on .Animals. 

Animals consisting of goats and rats were placed on the 
target at poei tiona shown on Chart lH. Animal casual tiel and estimated 
man casualties for man protected by gas maek only. are given in Tables 
No. 27A. 27B. aDd 270. Animal casualties fllld estimated man casualties. 
baaed on effects on animals_ are shown on Charts 6H and 6H. The basis 
of estimated casualties and the symbols used in the tables and on the 
oharts. to designate the nature of the flllimal casualties are explained 
in paragraph 6 •2. • 

!• Firing Period and Following 22 .Minutes. 

Table No. 27A. 

Estimated Masked Man Casualties Based on Effects on Rats 
SusP#ded at f1ll Elevation of 18 i!lo 

Appendix F 

Positiont Nature aSeverit,yaEetrm&ted man 
ot I of I ot • ualties 

stake a casual:!!; acasualtz;.a. 
~ I I 

lT I s aLi5!!t I 100 
4l I ERS aDeath ina 166 

!'1 § 
a 4 daze a 

!l5l5 ail8dium I 

61 • ERS aDeath ina too 
• I 2 daz:s I 

101 • s aLi~t I 1lR> 

It~ I ~ :~~~ I fgg 
Total suspended rat positions - 26 
Estimated man casualty positions - 7 
Per cent estimated man casualties • 28 

... 68 -
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Table No. 27B. 

Estimated Masked Man caaualtiee Bfaed on Etfeota on Rats 
In Cages on Ground. 

Poaitiona Nature rSeveritytEatimated .an 
ot : o:t ' o:t I casualties 

stake aoaaualt~:casual~a 
a I % 

41 I : ERS aDeath ina 100 

' I 3 d!f8 I 

61 a ERS aDee.th ina ioo 
I I 3 ~~ I 

~~§ ::~ ] I ~0 :.: Li 

Total rats in cages on ground - 13 
letimated man casualty positions - 3 
Per cent estimated man casualties • 23.1 

Table No. 27C. 

Estimated Masked Man Casualties Baaed on Effects on Goats. 

l6 ER 1 Medium I 0 
19 I ERS 1 Medium a 160 
!5 ER8 aDeath ina too 

t 1. 2 days ' 39 I ER I Medium I (5 
4! R I iledium I 0 
59 ' ERS iediwn I too 
61 i a Medium a 6 
83 I IR 1 Medium a 0 
81 E a Medium a 0 

1oi a E :Meciium I 0 
12f I ER aUght I 0 
li7 I ER a Medium a 6 
191 R 1 Light I 6 
211 R 1 Medium a 0 

Total goats exposed • 25 
Estimated.man casualty positions - 3 
Per cent estimated IIWl casualties - 12 
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2. Fifth Pay After Firing• Two goats were 
ezposed. in shell craters located near stake 47 lor a period ot 24 hr. 
on the fifth day after firing. One ot these goats was unaffected 
but the other was a light skin casualty. 

(7) Discussion. 

(a) Shell Distribution. The positions of impacts 
on and around the target are shown on Chart 2H. There were tl!Dlow order 
bursts • 1 tree burst and tour no:IIDAl bursts on the target. Three bursts 
north of the target were probably slightly effective on the target. If 
it is assumed that these three bursts outside ot the target are equiva
lent to 1 burst on the target, the total effects on the target were 
equivalent to 8 shell. 

(b) Iapact Area. For purposes of d~sousaion the 
impact area may be regarded as that part of the target represented by 
the 20~d. squares listed in Table No. 29. The impact area is shown 
on Chart 2R. 

(o) Estimated Casualties from Liquid HS. 

l• Effects of Meteorological Conditions. 

The wind w1ooity over the target during firing was zero 
so that distribution and casualt.y effect of liquid HS were not affected 
at all b,y meteorological conditions. 

2. Etfeota of Terrain. Ot the seven shell 
bursts on the target, one was due to a tree impact. Theoretically, 
this shell should be more effective than a ground burst, due to dis
tribution of liquid HS over a larger area. 

~. - Man Protected ~ Gas Mask but without 
Protection ofpregnated Clothin~. 

From results given in Table No. 23. it is estimated that 
personnel protected by gas mask only would experience about 37.1% 
casual ties from liquid HS it they are equally distributed over the 
target and remain there during the tiring period. The liquid HS on the 
target was due to the burst of 8 shell. On the basis of 8 shell on an 
area of 20.000 sq.yd. to produce 37.1% casualties from liquid BS when 
per.onnel are protected by gas mask only,it will require 5.4 shell 
per 100 yd. square to produce 60% casualties. 
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~· Man Protected by Gal'!l Mask and Standard 
~pregaated Clothingo 

From results in Table No. 24, it is estimated that per
sonnel protected by gas mask and standard impregnated clothing, who are 
exposed on the target during the tiring period will experience about 4.5% 
casualties if they are equally distributed over its area. On this basis 
it will require about 44.4 shell per 100 yd.square to produce 5Q% casual
ties. 

(d) Effects •f DS Vapor. 

l• Discussion of Meteorological Conditions. 

During the test, the air temperature was 72°F. and 
there was almost no air motion. The temperature was low fQr most effec
tive results. The absence of air motion theoretically resulted in the 
vapor being very effective directly over the area sprinkled with HS but 
resulted in a very slow spread of the vapor beyond the contaminated area. 
Under such stagnant conditions, if personnel moved off the impact area 
within the first 26 min. after firing, a large percentage would not be so 
thoroughly gasaed as they would if there was slightly more air motion, 
due to the long period required for the vapors to spread dolmWind from 
the contaminated area. 

.!• Firing Period and Following 22 Minutes. 

(!) On Target. 

Results of vapor salllples taken at the 9 sampling positions 
on the target area are given in Table No. 26 for the tiring period and 
following 22 min. The vapor concentration for eaeh 20-yd. sq. of the tar
get was figured from results in this table taking into consideration the 
position. of nearest impacts and wind direction. These results are given 
in the fifth column of Table No. 28. From the average of the figures 
in the fifth column, it is estimated that personnel with gas mask pro• 
teotion only, would experience about 84.6% casualties if exposed on 
the target during firing and the following 22 min. 

Per cent estimated casualties from effects of HS vapor 
is shown graphically on Chart 3li. The shaded area on the chart repre
sents that part of the area on Which it ia estimated lOQ% casualties would 
be produced by effect a of HS vapor wheil JJ&D is protecrl.o,ed by gas mask only. 
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(2). Outside of Target. 

Estimated casualties at tampling positions downwind from 
the target are gi?en in Table No. 25A. Reaulta show estimated casual
ties 'Vllrying at the different positions trom about 30 to 100% from 
effects of HS vapor tor personnel protected by gaa usk only, who are 
exposed 30 yd. downwind from the impact area during firing and the follow
ing 22 min. 

!• From the 32nd to 67th Minute .lfter Firing. 

~) On Target. 

Fraaresults of ~por saaples in Table No. 26, it is 
estimated that personnel protected by gaa mask only would experience 
about 32.6% casualties from effects ot HS vapor it the,y are equally 
distributed over the target aDd exposed from the 32nd to 67th min. 
after firing. Estimated casualties for this period are shown graphi· 
oally on Chart saH. 

(~) Outside of the Target. 

Estimated vapor casualties are given in Table Ho. 26A 
based on results at sampling positions 30 yd. downwind from the target 
for the period between the 32nd and 67th min. after firing. Estirt~ates 
trom these results vary from about 30% to 81,% casualties, tor man pro
tected by gas mask only. 

(e) Estimated Masked Man Casualties Based on 
Etleots on Anfmals. 

l• Firing Period and Following 22 Minutes. 

Animal casualties and estimated man casualties, based on 
effects on animals, are giTen in Tables Ho. 27A, 27B, and 27C, represent• 
ing exposure on the target during tiring and the following 22 min. Re
tults in the three tables are consolidated in the last two columns of 
Table Mo. 28 where consolidated results, based on animal casualties, 
show 22% estimated man casual ties. The results in these two columns 
are also shown graphically on Charta 6R and 6R. 

!• Peraiatence of RS on lapact Area. 

Results given in paragraph 9,d,(6),(e),2 show one animal 
oaaualty out of two animals exposed in shell craters for a period of 
24 hr. on the fifth day after firing. These results indicate that 
the impact area could not be occupied on the 6th day after firing by 
personnel with only ~· mask protection for a period of about 24 hr. 
without experiencing casualties. 
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(f) Coapariaon of Per Cent Bstilll&ted .Masked »an 
Casualties Based on ieaeuremeota ot the Gas 
Qonoentratloa aad bi its itteots on .Anilta!a. 

1. On Target (100 yd. bf 200 yd.). 

In Table No. 28, estimated man casualties are given for 
eaoh 2~. square r,preaenting an animal poeition based ona 

HS 1iQQid deter.mined by panel data 
HS ftpor determined by •por suaples 
Combined etfeota ot HS liquid and vapor from. sample data 
From etteota on animals 

Table No. 28. 

Stake DOeiiapaottFrom BS ilquidaFrom BS zr.:raProm BS ilqu!daFrom effeCts 
at oenterrrithiDaL"Ei.mated an. a o.t.aL -• and vapor 1 on animals 
of 20-yd. a2o-yd. 1 oaaual ties aftlueated. man alatlmated man 1 Aiilmal aEstlliia-
square I Squ&JW aoasual•1 casualties aoasual- ated man 

I I I 1 ties I I ties roasual• 
I I I I I ties 
I ;t I I " I " " 1:5 I 0 49 I e50 I 100 I 100 I N 0 

15 I 0 9 I .40 I 100 I 100 ailed. ER 1 0 
17 I 0 64 I eSO I 100 I 100 aLight S I 100 

I I I I I . (2) I 

19 I 0 82 a1.10 I 100 I 100 a!led. ERS 1 100 
21 0 I 60 I eSO I 100 : 100 I N 0 
3S I 1 ?3 I e30 I 100 100 a Death I 100 

t I I ERS .. 
37 1 I 47 I e40 I 100 I 100 I I I 0 
39 1 I 60 I e50 I 100 I 100 died. ER 1 0 
41 0 I ?8 I e50 I 100 100 aDeath I 100 

I I I ERS t 
I I I I (1&2)1 

43 I 0 35 I o40 100 I 100 d4ed. B 0 
57 I 0 82 I el2 I 100 100 ailed. S I 100 

I I I (2) I 

59 0 I 81 I .12 I 100 100 died. ERS 1 100 
61 0 I 18 t .30 I 100 100 a Death I 100 

I I I aERS p~ I 
I aERS 2 1 
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Table No. 28 (Cont•d,) 

Stake no.ziDLpaotaFrom HS UquldaFrom HS 'ftporaFroa BS Hquid1From El'fects 
at oenterawithinalstimated un 1 o,t.aEatima•t and vapor 1 on aniJU.ls 
of' 20-yd. a20.yd. 1 casualties avalueated •naltitilllited :man 1 AniDiAl aLtiii• 

a quare aaquarea I roaaual-r casualties a casual• 1ted man 

' ' I ties ' t tiea tOUU&l• 

' I I I I a tiea 
!( I % !( ' : ~ 

63 I 1 ' 82 I e47 I 100 100 aMed, E 0 
66 0 : 68 I eSO I 100 ' 100 I N 0 
79 0 66 I eSO I 100 I 100 I N 0 
81 0 I 67 I .SO ' 100 100 I N 0 
83 0 68 I e30 I 100 ' 100 died, ER ' 0 
86 ' 0 44 I e30 I 100 t 100 I N a 0 
87 I 0 S3 a .20 1 100 100 died. E r 0 

101 ' 1 51 I e30 I 100 I 100 ' N I 0 
lOS 0 87 I e32 I 100 100 ailed. E 0 
106 I 0 I 38 ' .26 ' 100 I 100 aLight S 1 100 

I I I (2) 
107 I 0 I 0 I el6 I 100 100 • N 0 
109 I 0 0 I ei3 I 100 100 I N 0 
123 I 1 73 I e20 I 100 100 I N 0 
126 I 0 89 I .s2 I 100 100 t N I 0 
127 I 0 60 I e20 I 100 100 aLight ERa 0 
129 0 13 I e15 I 100 100 aLight S 1 100 

I I (1) 
131 a 0 I 0 I el1 I 100 I 100 I N I 0 
145 I 1 47 I el5 I 100 I 100 aLight S 1 100 

I I I t I I (2) 
147 I 0 I 71 I el6 I 100 100 died. ER I 0 
149 0 27 I e10 I 93 95 aLfght S I 100 

t t (2) 
151 0 1 I e10 I 93 9S N 0 
153 I 0 I 0 • .o9 • 81 87 N 0 
167 I 0 I 42 I e09 I 81 92 N 0 
169 0 44 I .10 : 93 96 I N I 0 
171 0 0 I e09 I 81 8T !l 0 
173 I 0 I 0 I .01 1 73 I 13 I li I 0 
175 t 0 0 -, •• o? 1 73 TS lT 0 
189 I 0 I 24 I ,03 I 42 55 I N 0 
191 0 I 22 I .06 I 66 73 aLight R I 0 
193 0 0 I .os I 42 I 42 I N I 0 
195 0 0 I .02 I so I 30 I N I 0 
197 I 0 0 I e03 I 42 42 I N I 0 
211 I 0 0 I eOS I 42 t 42 1Med. R I 0 
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Table No. 28 (Cont'd.) 

Stake no. 1IiPaot1from RS liquid15'om HS '!!pOr1From HS liquidtFroa etteote 
ot center11rithinaEstimated an 1 c.t.1Eatima•1 and npor 1 on animals 

1value .t; ed man 1 Eltt; ted man aEstiliia-of 20-yd.12o-yd.1 casualties I Animal 
square 11quarea I acaaual•1 casualties a casual-:ted man 

I ties : I ties :casual-
t t I I I I ties 

I I % I I ~ % 
213 • 0 I 13 I e03 t 42 60 t N 
216 • 0 0 I .02 30 30 I N 
217 . 0 I 0 f .o 0 0 I !i . 
219 t 0 • 0 t .o1 t 11 t 11 :N 

Total and1 1 !8.2 I • 84.6t 8&.4 
averaEe I t I 

NOTEa Symbols used in column 7 to designate the nature of the 
aniaal oaaualtiei are explained in paragraph 6 ,o. 
(1) designates rat in cage on ground. -
(2) designates rat in cage suspended at an elevation 

of 18 in. 

Results in Table No. 28 show 86.4% casualties based on 
sample data and 22% based on effects on animals. 

!• On Impact Area (10,000 aq.yd.). 

The tmpact area &a defined in paragraph 9,d,(7),(b) is 

I % 
0 
0 
0 
0 

22 

shown on Chart 2H and the 20 yd. sq. included w1 thin its area are tabulated 
in Table Bo. 29. Oa ita area ot 10,000 sq.yd. there were 7 bursts and 
effects from other bursts outside of the target, estimated as equivalent 
to one addi11onal burst, making the total effects equivalent to 8 bursts. 
Results show 99.6% estimated casualties based on sample data and 32.0% 
based on animal data. 
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Table No. 29. 

Estimated 

Stake no.:ImpactrFrom HS 11~uid1From HS va~raFrom HS iiquid:From elfeota 
at center:within:Estimated 1ilm 1 o.t, 1Eat - t and vapor 1 on animals 
ot 20-yd. t20•yd.' casualties nalue :ted man 1Eatimated man a llniiii.al 1Estima-
square asquarea 1oaaual-1 casualties 1casual• :ted an 

I I l ties 1 : ties I Casual-
I I I I ties 

% I % I % I :I % 
13 0 I 49 r .so 1 100 I 100 I N 0 
16 I 0 9 I o40 I 100 I 100 dded, ER I 0 
17 I 0 I 64 I .so I 100 I 100 aLight S I 100 

I I I (2) I 

19 0 I 82 11.10 1 100 100 d4ed. ERS I 100 
21 I 0 I 60 I eSO I 100 100 I N 0 
36 I 1 73 I e30 I 100 100 1Dee.th I 100 . I ERS I . 
37 1 47 I e40 f 100 : 100 I N I 0 
39 I 1 I 60 : .so I 100 100 ailed. ER 0 
4l I 0 I 78 I e50 I 100 100 a Death 100 

I I I aERS (1) I 

I I aERS (2) I 
43 0 I 36 I e40 100 100 ailed. R 0 
57 0 I 82 I .12 100 I 100 died. S 100 

I I II I (2) I 

59 0 I 87 I el2 I 100 I 100 1Med. ERS 1 100 
61 I 0 I 78 &I .30 100 I 100 1Deatb 100 

I I I I 1ERS (l) I 

I I I 1ERS (2) I 

63 ' 1 I 82 .47 100 I 100 aMed. E 0 
66 0 58 I e30 I 100 100 N 0 
19 0 66 I .so • 100 100 N . 0 . 
81 0 67 I e30 I 100 100 N 0 

101 1 I 61 I .30 100 100 I 1l ' 0 
103 0 I 81 t .32 100 100 :Medium I 0 
123 1 73 I e20 I 100 I 100 N I 0 
126 I 0 87 I ,32 I 100 I 100 I N I 0 
U:6 I 1 I 47 I o15 100 100 aLifht S I 100 

I I I I I 2) I 

147 0 71 I .15 100 I 100 a.IIIed.ER I 0 
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Table No. 29 (Cont'd.) 

Stake No.Jimpact;Fr~ HS liquidaFrom HS vaporaFrom HS ilquidaFrom etteots 
at centerawithinaEstilllated man :c.t. aEatima•t and 'fteior a on animala 
of 20-:yd. a2Q-;yd. : casualties avalue ated man aEstlmat JUD a Anim&l aEstima-
square asquares acasual-a casualties aoasual• ated man 

a 1 ties a ties :casual• 
a t 1 1 a ties 
I 

167 I 

169 I 

1' I % I 

8T I 

83 • 

% !£ 

Total and: 
average • 

0 
0 
f 

I 42 
I " 

, .oe r 
I el0 t 

I I 

I 

99.2r 

92 
96 
99.5 

I 

I 

I 

N 
N 

0 
0 

NOTE& - Symbols used in column 1 to designate the D&ture of the animal 
casualties are explained in paragraph 6,o. 
( 1) designates rat in cage on ground. -
(2) designates rat in cage suspended at an elevation of 18 in. 

(g) )(asked 

From data given in paragraph 9,d,(T),(t),2 above, it was 
estimated that the bunt of 8 shell on an area-of 10'•000-aq. yd. would 
produce 99.5% casualties, based on sample data and 32.0% based on effect& 
on anblala, when personnel who have only gas mask protection are exposed 
on the impact area during firing and the following 22 min. On thia 
basis the following number of shell are re~ired to produce SQ% casualties 
when man is protected b,y gas mask only. 

Based on HS liquid and vapor samples - 4 shell 
Based on effect• on animals - 12.6 ehell 

Average • 8.3 ehell 

(8) CORolueiona. From the reeults of the present teat, 
the following conclusions are drawn with respect to the use of 165-.mm. 
hcnrit:zer shell filled with HS under the m.eteore>logical and terrain contU• 
tiona of the test. 
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(a) The number of ahell required per 100 yd. sq. 
to produce 60% casualties when distributed as equally as practicable. 
are as followsa 

1. When man protected by gaa mask and standard 
impregnated clothing is ~osed during the firing period - about 44 shell 
(see page 71). 

2. When man protected ~ gas mask only, is 
exposed on the target fora period of 26 min. including firing- about 
8 ahell (see paragraph 9,~.(T),(g), above). 

(b) In view of the small number of bursts on the 
target, this test should be rep~ted. 

~· Teat of September 19, 1933. 

(1) Obiett. To determine the number of HS•filled 156-mm. 
howitzer shell require o produce 60% casualties when fired about 1 hr. 
before sunset at personnel protected by gas maak only, who are located 
in wooded country and rema1n on the impact area tor a period ot 25 min. 
including the firing period. 

(2) Materials Used. Fifty lUI • 166-mm. howitzer shell 
filled wi tb HB were used in the teat. The hiltory of these ah.ell and 
the type of fuze end booster used are g1 ven in paragraph 4. 

(3) Ta~get. The location of the target and position of 
'T&por aupling achinea, paaele and animals were the same as in previous 
test conducted on August 11, 1933. 

Chart li, shows the target as it wuprepared for the test 
with position of animals. paneb and sampling machines. 

(4) Firing of Shell. 

(a) .M~tment. TWenty-two shell werel:Used. 
Registration fire was direCE at a position about 200 yd. west of the 
target. Firing started at 4a01 p.a. and ended at 4a36 p.m. 

(t) Firing tor Btfect. The howit&era were ranged 
in parallel for impact on a line 'through 'the short axie of the target. 
Firing atarted at 5al0 p.~ and aDded at 6al6 p.m.,a period of 6 min. 
Twenty-eight shell were used. 
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A photostatic copy of a Memorandum dated Septeaber 19 • 
1933 from the Batter,y Commander to the Commanding Officer. Edgewood 
Arsenal giving firing data by round, is attached to this report. 

(6) Meteorological Conditiens. 

(a) During Firing and One Hour Following. 

Time 
Air temperature. °F. 
Ground t-.perature. °F. 
Relative humidity, % 
Wind velocity, m.p.h.• 
Wind direction 
Sky 

5a20 p.m. 
72 
74 
73 

w 

•Recorded at an elevation of 6 ft. 

6a40 p.m. 6a00 p.m. 
70 67 
72 69 
77 87 

alight drift only 
NW N 

Partly cloudy 

(b) During the Firat Ten Days Following Firin&• 

{6) Reaulta. 

6:26 p.m. 
66 
68 
87 

NW 

(a) Iapaota. The po&itiona of impacts are ahawn 
on Chart 21. There were 28 impacts accounted for on and around the target 
of which 14 were normal bursts on the target. 

Of' the 50 shell fired inoluding the 22 used for adjustment. 
there were 7 duds and 1 low order burst noted. 
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(b) Liquid HS. 

1. Size of BS Drops. 
the target were tabulated ?or size or H3 drops. 
the following tablea 

Table No. 30. 

The paper panels on 
Results are given in 

Number of Panels Showing Drops of 0.1 mg. or Larger. 

Panel a No. of HS dro~a 
no. ao.i tO 10ver o.6 aOver 1.0 a Over 3.o 

36 
;0.6 ;'.ato 1.0 m,.:to 3.0 m,., !ti• 
a : 2 1 I 

31 a 1 I 

35 a 98 33 11 
41 I 26 6 a 
45 I 7 7 7 a 6 
62 I 5 1 a 
69 I 4 2 3 I 1 
70 a 5 3 1 1 
711 2 
73 I 1 a 
80 I 7 T I 1 
81 I 21 11 
82 a 9 5 
83 I 1 
84 I 3 
86 a 7 4 2 1 
81 a 17 : 1 
88 99 
89 15 a 4 
91 : a 1 a 2 
93 a I 1 I 1 
95 21 I 3 . a . 
98 r 6 2 I 

99 25 12 I 

106 80 : 15 
110 I 3 2 : 
117 a 59 l 11 I 

129 : 1 I : I 

130 I 16 I 3 2 

131 ' 3 I 

132 12 I 3 
141 I 2 I 
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Table No. 30 (Cont'n.) 

Penelz No. of HS drops 
no.10.1 to :Over o.s :Over i.o :Over 3.0 

:0.5 mg• :to 1.0 5• :to 3.0 m9.: mg• 
l42r 7 I ~ I 

143: 15 & 5 I 

153: 2 I 

156: 4 I 

157: 5 : 
198: I 1 
206: r 1 1 
207: 1 & 1 
208: 6 l 2 
209a 25 25 25 
2101 2 
211: 25 I 16 I 

2121 15 I 5 I 

2161 ~ 

219: 15 
220 f 25 & ! I 2 1 
226: : 1 
227: l 
2281 12 r 7 l 3 
229: 2 : 
230: I 3 
2311 : 4 

(o) Estimted .Man Casue.1ties from Liquid HS .• 

1. Man Protected by Gas Mask but without 
Protection o£ Impregnated Clothin&• 

The paper panels on the target were tabulated £or density 
of pattern using the pattern scale attached to this report. Results 
are tabulated in the following table together with estimated man casual• 
ties. The basis of estimated casualties is explained in paragraph 6,~. 
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Table No.31. 

Estimated Man Casualties from HS Liquid Based on Panel Data. 

PatternaPanela olaasifiedaEatimated casualties 

Heavy 
Medium a 
Light 
Traoe 
)To HS t 
Total a 

No. aPer cent otafor man proteoted by 
atotal on a gas mask only 

. . 
32 a 
24 a 
33 ' 53 a 
89 a 

231 a 

target 
a ~ % 

13.9 13o9 
10.4 a 10.4 
14.3 a 11.4 
22o9 ' 13.7 
38.5 a 

ioo.oo 49.4 

Man Protected by Gas Mask and Standard 
fapregnated c10thlng. 

From results in Table No. 30. a tabulation is given in 
Table No. 32 of panels showing HS drops of 0.6 ag. or larger together 
with estimated casualties for .an protected by gas mask and standard 
impregnated clothing. The basis of estimated casualties is explained 
in pe.ragraph s.a,(2). 

Table Bo. 32. 

Estimated Man casualties from_HS Liquid Based on Panel Data. 

Appendix F 

She of HS drops aNo. of a Estimated eaaua!t{es for man 
tpanelsaproteoted by gas mask and 
a astandard impregeated clothing 

mg. a aper panel ~rtarget area % 
One drop or morea 23 40 4.0 
between 0.5 to a 
1.0 but with no 
drop exceeding 

laO t 
One drop or more: 
exceeding 1.0 

Total 

i§' 

12 

t a 
a I 

I 

t 

I too 

Total panels on target - 231 
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(d) Estimate~ Masked Man Casualties from HS Vapor. 

Vapor samples were taken at positions shown on Chart lio 
In Tables No. 33, 33A, 34 and 34A, which follow, the vapor concentration, 
c.t. value and per cent estimated casualties from effects of HS vapor 
for man protected by gas mask only, are given for each sampling position. 
The basis of estimated casualties is explained in paragraph 6,b. 

1. Firing Period and Following 22 Minutes. 

Table No. 33. 

Estimated HS Vaeor Casualties ~~ Target. 

Samp!ing:Elevation:Volo ota HS 1 Vapor:c.t. a~stimated oasua!ties ?or 
position a of' aair sam.,.ampled 1concn. 1value a.ma.n protected by gas mask 

1 sam le led I I I a on 
1 liters a mg. 1mg. 1. 1 a 0 

c a 860 16.5 1 o0194 a .49 a 100 
F I 826 12.3 1 .0154a .38 I 100 
G I 836 10.8 .Ol29a .32 100 
J 216• I 1.2 .Ollla 0 28 I 100 
K 800 4.2 1 .0062 a .13 a 100 
N a 826 14.1 I e017la .43 I 100 
0 ' 836 4.,4 .0052: ol3 100 
R I 814 2.4 a .00301 .. 07 a 73 
s 212* I o.s a .0061 a .14 a 100 

Av. 97 .. 0 

NOTE a •Sanpling machine stopped 6 min. after firing began due 
to effects of ~ shell burst. 
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Table No. 33A. 

Estimated HS Va2or Casualties at Positions Outside 
of Target. 

SamplingaElevationaVol. of a HS aVapor a o.t.IEstimated casualties 
position a of aair sam•asampled:oonan.aTalue:for man protected by 

a sam le led t I . I as mask onl . 
I ft. iters I mg. am.g. 1. I I 

D I 0 425 o.e I .0014a .04 I 50 
1 425 1.0 I .0023a a06 I 66 
2 425 1.4 .0033: .oa 80 
4 425 1.6 I .oosa1 o09 I 87 

E I 0 413 1.0 .00241 .06 66 
I 1 413 1.6 I .00391 ol0 I 93 

2 413 2.0 I .00481 .12 l 100 
4 413 2.0 .00481 .12 I 100 

H 0 418 2.6 .60481 .12 I 106 
1 418 2.4 I .0067a .14 I 100 
2 418 2.8 I .00681 ol7 I 100 
4 418 2.6 .oo62a .15 I 100 

I 0 425 I 1.0 .0024a .oe I 66 
1 425 I o.a I .0019a .os 68 
2 425 o.a I .00191 .06 58 
4 425 o.e .0019a 0 05 I 58 

L 0 400 4.6 .01:151 o29 I 106 
1 400 6.2 .01301 .32 r 100 
2 400 l 6.4 .0160: .40 I 100 
4 400 ·a 4.2 I .01061 .26 I 100 

M 0 413 1.0 I .0024: 0 06 I 66 . 1 413 0.6 I .0014a 0 04 I 50 . 
I 2 413 0.6 : .00141 .04 I 60 
I 4 413 0.4 I .00101 .02 I 30 

p 0 418 4.2 I .otoo1 .25 I too 
1 418 6.2 I .0124: .31 l 100 
2 418 5.2 I .01241 .31 I 100 
4 418 I 6.2 I .01481 0 37 I 100 

Q 0 407 0.4 I .ooio1 0 02 I 30 
1 407 I 0.4 : .00101 o02 I 30 
2 l 407 0 0 I 0 I 0 
4 I 407 0 0 I 0 I 0 

T 0 418 2.8 a .o06aa .17 I lOO 
l 418 I 1.8 a .00431 ell I 100 
2 418 I 2.0 l .0048:: .12 I 100 
4 418 3.2 a .0076a .19 I 100 

r:; 
f 
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2. From the 32nd to 61th Minute .A£ter Firing. 

Table No. 34. 

Estimated HS Vapor Casualties on Target. 

SamplingaE1evationaVol. of a HS a V&pora o.t.aEsttmAted casualties 
positions rair sam-asampledroonon. nalueator Mn protected by 

c 
F 
G 
K 
N 
0 
R 

1 
1 
0 
1 
1 
0 
0 

led a mask onl 
iters a mg. amg. .a 

a 1252 5.4 a .0043a 
t . 1216 a 4o0 t .0033a 
a 1236 a 3.8 a .0031a 
a 1180 3.6 a .0030a 
a 1216 a 16.5 a .0136a 
a 1272 a 2.8 a .oo22t 
a 1196 Oo4 a .0003: 

e16 t 

.11 a 

.11 a 

.11 a 

.47 t 

.oa a 

.01 a 

Table No. MA. 

Av. 

100 
100 
100 
100 
100 

'18 
11 
84.1 

Estimated HS Vapor Casualties at Positions Outside 
ot Target. 

SamplingaElevationaVol. of a ftS :Vapor ao.t. :Estimated oasuaftiee 
position a of aair s-.asamp1edaoonon. avalueaun protected by gas 

led a t mask on1 
a tt. iters a mga mg. • a D 

D 0 626 1.2 a .0019a .0'1 a 73 
1 626 t 1.4 a .0022 a .o8 80 
2 626 a 1.4 .0022 t .08 80 
4 a 626 t 1.4 a .0022 a .08 a 80 

E r 0 t 6os 0.4 a .0007a .o2 a 30 
1 608 o.a a .0013 a .06 a 58 

a 2 608 a o.a a o0013a .os a 58 
4 608 o.a t .0013a .os a 58 

B a 0 618 a 1.6 t .0026 t o09 I 8'1 
1 618 t 2.2 a .0035 a o12 t 100 
2 618 2 .. 2 a .0035t .12 a 100 
4 618 a 1!•t a a a 

1 0 608 a 0 0 t 0 I 0 
1 608 0 t 0 a 0 0 
2 608 a 0 0 a 0 0 
4 608 t 0.4 a .0006 a o02 t 30 
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Table No. MA. {Cont•d.) 

S~plingaElevationaVol. of a HS aVapor a o.t.aEatl.ated casualties 
position a aair ~asampledaoonon.a~lueator man protected by 

led I : t: s mask onl 

' a litera a mg. ..g. •• • 
L 0 • 590 I 2.0 a o0034a .12 I 100 

1 I 590 1.8 I .0030a .11 I 100 
2 590 2.4 • .0040 • • 14 I 100 
4 590 1.8 t .0030 I .11 a 100 • p 0 636 I 4.2 I .0066 I .23 • lOO 
1 636 • 4.2 •• 0066 • • 23 • 100 
2 • 636 • 4.2 I .0066a .23 a 100 
4 I 636 • 3.0 • .0047i el7 I 100 

T 0 618 I 1.2 1 .oo19. .61 • 13 
1 618 I o.6 I • 0010a .03 I 42 

I 2 618 I 1.2 • .0019a .01 ' 73 
4 618 • 0.4 a .oooaa .o2 a 30 

Samples taken at stations M and Q showed negative results. 

{e) Estimated llan Casualties Based on Effects 
on Animals. 

Animals consisting of goats and rats were placed on the 
target at positions shown on Chart 11. Animal casualties and estimated 
~ casualties tor &an protected by gas mask only, are given in Tables 
No. 36A, 36B and 35C. Animal casualties and estimated man casualties, 
based on etteota on animals, are shown on Charta 51 end 61. The basis 
ot estimated casualties and the symbols used in the tables and on the 
chArta, to deaignate the nature of the animal casualties are explained 
in paragraph 6,~. 
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!o Firing Period am Follorlng 22 Minutes. 

Table No. 35A. 

Estimated Masked Man Casualties Baaed on Effects on Rats 
SuepeDd8d at an Elevation of 18 in. 

Position• Nature aSeveri tY aEstiil!li ted man 
ot I ot I ot t ualties 

stake acasual~aoaaual~a 
I I I % 

17 R aDeath ina 100 
I a 2 dal• I 

4l t ERS aDeath ina ioo 
I I 4 d!lB I 

81 I § :.Medium t 1<5o 
105 aNo reo• al5eath In z 100 

a ord I .1 dal I 

213 t ERS aDeath ina 166 
I I 3 dal8 t 

Tat al suspended rat positioll8 - 25 
Estimated man oasualty poeitions - 5 
Per cent estimated man casualties - 20 

Tabh No. 35B. 

cas• 

Estimated Masked Man Casualties Based on Effects on Rats 
in Gages on GrOUDd. 

Appendix F 

41 ERS :Death Lia 106 
I a 2 days t 

81 ' ERS aDeath ina lOO 
I a 4 days a 

l06 I ERS aDeath in: ioo 
I a 2 days a 

149 ERS a Medium a too 
Total rata in aat;es on ground - 13 
Estimated man casualty positions - 4 
Per cent estimated man casualties • 30.8 
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Table No. 35C. 

Estimated Masked Man casualties Baaed on Etteote on Goats. 

Position a NatUre :SeveritY alstiliiAted man 
ot 1 ot ot 1 ualtiea 

stake 1 oaal&l tya oas ual tya 

16 

19 

43 
59 
6!5 
79 

81 
127 
1!1 
l47 
161 

I 

I 

I 

I 

I 

I 

ER 

ER 

R 
ER 
E 
ER 
ER 
ER 
E 

E 
ER 

I I 

aDeath ina 
' 5 days 1 

aDeath ina 
1 3 days a 
a Ked.iwa : 
a Medium a 

Medium a 
1 Medium I 

a Death a 
,in 5 da.a 
I Medium I 

a iled wa 
1 Light 
a Medium 

1 Lir 1 

Total goats exposed - 25 

% 
100 

!60 

ioo 
0 
6 
0 

Ioo 
0 
0 

lOO 
0 
0 
0 

cas-

Estimated man casualty positions - 5 
Per cent estimated man casualties - 20 

.!• Seventh and Tanth Days A1'ter Firing. 

(,!) Seventh Day After Firing. 

Two goats were exposed in shell craters located between 
stakes 145 and 147 tor a period ot 24 hr. on the seventh day after 
tiring. Goat casualties and estimated casualties tor man protected 
by gas mask only are as followsa 
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Goat No. 103 - ER light - no man caaualty 
Goat No. 127 - E light - no man casualty 
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-------------····-.. ·---····-···· 

(.,2) Tenth Day After Firing. 

Two goats were exposed in shell craters located between 
stakes 145 and 147 tor a period of 24 hr. on the tenth day attar tiring. 
Both ot these goats showed negative resulta. 

(7) Diseusaion. 

(a) Shell Distribution. 

The positions ot impacts on and around the target are·' 
shown on Chart 2I. There were 14 normal ground burets on the target 
and two bursts east of the target which were partly effective on the 
target. It is estimated that the effects of these two shell east 
of the target were equivalent to one burst directly on the target 
so that on this basis total effects on the target were equivalent to 
the burst of 15 shell. 

(b) Iapact Area. 

For purposes of discussion the impact area ~ be re
garded as that part ot the target represented by the 20-yd. squares 
listed in Table No. 38. The impact area is shown on Chart 2I. 

(c) Esti~ted Casualties from Liquid HS. 

1. Effects of M.tecrolocical Conditions. 

The wind velocity over the target during tiring was zero 
so that distribution and casualty effect of liquid HS were not affected 
at all by meteorological conditions. 

2. Effee-ts of Terrain. 

All shell bursts on the target were ground bursts so that 
each bt'rst represented a normal burst in open country. The location 
of the target in woods in the present test, had little or no effect 
on the total area covered by the liquid HS, other than effects due to 
a retarded wind velocity. 

Man Protected ~ Gas Mask but without 
Protection ofpregnated c!othing. 

From results in Table No. 31 it is estimated that personnel 
protected by gal!! mask only would experience about 49.4% casualties from 
liquid HS, if they are equally distributed over the target and remain there 
during the firing period. The liquid BS on the target was due to the burst 
of 15 shell. On the basis of 16 shell on an area of 20,000 sq.yd. to 
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produce 49.4% casualties from liquid HS when personnel are protected by 
gas mask only. it will require 7.6 shell per 100 yd. sq. to produce 
50% casual ties. 

4. Man Protected bi Gas Mask and Standard 
Impregnated Cloiliing. • 

From results in Table No. 32 it is estimAted that personnel 
protected by gas mask and standard impregnated clothing who are exposed 
on the target during the firing period will experience about 12.2% casual
ties, if equally distributed over its area. On this basis it will re
quire about 30.7 shell per 100 yd. sq. to produce 50"fo casualties. 

(d) Effects of HS Vapor. 

Diaoussion of Met~logical Conditions. 
( 

During the test. the air temperature was 71°F. and there 
was almost no air travel. These conditions were almost identically 
the same as in the previous test (Test of August 11, 1933) which is 
discussed in paragraph 9,~1 (7),(d),1• 

!• Firing Period and Following 22 Minutes. 

~) On Target. 

Results of vapor samples taken at 9 sampling positions 
on the target are given in Table No. 33 for the firing period and follow
ing 22 Hdnutes. The vapor concentration for each 20-yd. square of the 
target was figured from results in this table takin~ into consideration 
the positions of nearest impacts and wind direction. · These results are 
given in the fifth column of Table No. 36. From the average of the 
figures in the fifth column, it is estimated that personnel with gas mask 
protection only, would experience about 97.9% casualties it exposed on 
the target during firing and the following 22 min. 

Per cent estimated casualties from effects of HS vapor 
is shown graphically on Chart 31. The shaded area on the chart represents 
that part of the target on which it is estimated lOQ% casualties would 
be produced by effects of HS vapor when man is proteeted by gas mask 
only. 

~) Outside of Target. 

Estimated casualties at sampling positions downwind from 
the target are given in Table No. 33A. Results show estimated eeeualties 
varying at the different positions from about 30 to 100% from effects of 
HS ~por for personnel protected by gas mask only. who are exposed 30 yd. 
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downwind from the impact position during firing and the following 
22 min. 

!• From the 32nd to 67th Minute After Firin,. 

~) On Target. 

From results of ~por samples in Table No. 34, it is 
estimated that personnel protected b,y ~· mask only would experience 
about 84.1% oaeualtiea from etfeots of HS vapor if they are equally 
distributed over the target and exposed from the 32Dd to 67th min. 
after firing. Eetiaated ca1ualtiea tor this period are shown 
graphically on Chart 3al. 

(~) Outlide of Target. 

Estimated vapor casualties are given in Table No. 3~A 
baaed on re1ults at sampling positions 30 yd. downwind from the target 
for the period between the 32nd and 67th min. after tiring. Estimates 
from these results var,y from about 30 to lOQ% casualties for man pro
tected by gas maak only who are expo1ed tram the 32nd to 67th min. 
after tiring. 

(e) l$timated Man Casualties Based on Effect• on 
AntiU:ll. 

1. Firing Period and Following 22 Minutes. 

Anilll.al casualties and estimated man ~•ualtiee on the 
target resulting from exposure during firing and the following 22 min. 
are given in Tablee Bo. 36A, 36B, and 36C. The results in these three 
tables are consolidated in the last two columns of !able Bo. 36. From 
the consolidated reeult• it i1 e1ttmated from animal casualties~ that 
personnel protected by gas mask only would experience 2~ casualtiee it 
exposed on the target during tiring the following 22 min. In arri~ng 
at per cent estimated man casualtie•. no weight wa1 given to the large numver 
of animal casualtie1 whioh indhidually. were not considered the equivalent 
ot a man casualty. 

2. Persistence of HS on Impact Area. 

Results given in paragraph 9.o.(6),(e).2 show two 1light 
animal casualties out of two animals exposed-in shell craters for a 
period of 24 hr. on the seventh day after tiring but no ani~Al casualtie1 
out of two animals exposed on the lOth day after firing. 
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(!) On Se'V'enth Day Mter Firing. 

rhe ani.al casualties on the seventh day after tiring 
iDdioate that the impact area could not be occupied by pereormel tor 
a period of 24 hr. without experiencing casualties unleas they are 
protected b,y gaa mask and impregnated clothing. 

(~) On the loth Def After Firing. 

From the animal results it is probable that the impact 
area could be ocoupied by personnel without gaa protection on the loth 
day after tiring, provided shell oratere were avoided. 

(f) 

1. On Target (100 yd. !J 200 yd.) 

In Table No. 36, estimated man casualties are given for 
each 20 yd. sq. representing an animal position, based ona 

HS liquid deter.mined by panel data. 
HS vapor determined by vapor samples 
Combined effects ot HS liquid aDd vapor from sample data 
From effects on animals 
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Table No. 36. 

Stake no.ti~aota:From HS liquidrFrom HS ~portFrom HS iiquidtFrom effects 
at oenterrwithin tiatliiited lUll 1o.t. tEstima-• and ~or 1011 anill.als 
ot 20•yd.:20-yd. 1 oasualtiea IV&luetted mantEatrmA~d man 1 AnimAl tEatrm&-
square 1 square1 1casua1•a casualties tcasua1- ated man 

I ties r ties tcasual• 
I t tie a 

I % I ;t % % 
13 I 1 64 • .eo 1 100 100 I N I 0 
16 0 42 I o60 I 100 100 tDeath ERt 100 
17 0 ., I e30 I 100 100 •Death R 1 100 

I I (2) I 

19 I 1 : 56 I .49 100 100 tDeath ER1 100 
21 0 I 53 I e30 I 100 100 I Ii I 0 
35 0 64 •• 40 : 100 100 aDeath ERS 100 
37 • 0 18 a e30 t 100 100 I N 0 
39 I ,0 13 I .30 100 100 aR Mod. I 0 
41 I 0 T3 I e30 100 100 aDeath ERS 100 

I (1) I 

I aDeath ERS 
t • I (2) 

43 0 62 I .30 100 I 100 tllod. ER 1 0 
57 0 58 I o40 I 100 I 100 I N 0 
59 0 31 I o38 I 100 I 100 dlod. E 0 
61 0 14 I o30 I 100 I 100 I N . 0 . 
63 1 60 I o32 I 100 100 dlod. ER 1 0 
65 0 36 I o30 I 100 I 100 I N I 0 
19 1 89 I e30 I 100 I 100 tDeath ERa 100 
81 1 89 I .30 I 100 100 tDeath ERr 100 

I I I I (1) I 

I I I dlod.S (2) 
83 0 I 75 I .20 I 100 I 100 N 0 
86 1 73 I a30 I 100 : 100 I N 0 
87 1 I 69 I o30 I 100 100 1Mod. ER 1 0 

101 0 61 I .20 I 100 I 100 N I 0 
103 I 0 I 38 I .28 I 100 I 100 : N I 0 
105 0 I 64 I e20 I 100 : 100 aDeath ERS 100 

• I I (1) : 
I I tDeath (2) 

lOT I 0 69 ol3 I 100 I 100 I N I 0 
109 I 0 60 t e13 I 100 100 N 0 
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Table No. 36 ( Cont•d.) 

Stake no.aimpactsaFram HS liquidaFrom HS ~raFrom HS i!quidaFrom ef:feeta 
at center:wi thin aEstiJDated man a o.t. tEat -a and 'V&por aon animals 
ot 20-yd.a20-yd. a casualties tvalueated man1Eatimated man a ADfmii aEittma-

square 1 squarea a aoasual•a casualties aoasual• ated man 
: tiel t a ties aoasual• 
t a t ties 

123 
125 
127 
129 
131 
146 
147 
149 

a 
151 a 
163 
167 
169 
1'71 
173 
175 • 
189 
191 
193 
196 a 
197 a 
211 
213 
215 : 
217 
219 a 

Total anda 
average a 

0 
0 
0 
0 
2 
1 
0 
0 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 

l4 

a 
I 

: 

I 

a 

I 

I 

: 

% I ' ~ t % 
35 a .ao a 100 100 N o 
22 a .30 100 100 a ll 0 
31 a e15 100 100 aLight E a 0 
82 I .15 I 100 I 100 a N I 0 
73 a .30 a 100 : 100 aMod. ERS a 100 
35 a • 20 a 100 100 a N a 0 
20 a .30 a 100 100 aLight E : 0 
20 z .13 a 100 100 aMod. ERSa 100 

73 
86 
46 
60 
13 
33 
80 

7 
20 

7 
33 
75 
31 
11 
35 
64 
95 

a 
a .16 a 
a .20 : 
a .20 a 
t e43 I 

a .30 a 
.us a 

a .10 a 
al0 I 

a .20 a 
o16 a 
.13 I 

I .10 I 

Z a04 I 

.01 a 

.10 a 
a .14 a 
I .20 I 

100 
100 
100 
100 
100 
100 a 
100 • 

93 
100 
100 
100 

93 : 
eo 
73 
93 

100 
100 I 

91.9a 

100 
100 
100 
100 
100 
100 

98 
93 

100 
100 
100 

98 
65 
76 
95 

100 
100 
9s.5 

a (1) 
a:Mod. ER 
1 N 
aLight E 

N 
N 

I N 
I N 

N 
a N 
I N 

N 
I N 
aLight E a 
:Death ERS 
a N 
1 N 
:Mod. ER t 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100 
0 
0 
0 

22 

NOTE a Symbol a used in oo lumn 7 to designate the nature of the animal 
oasua1ties are explained in paragraph 6,e. 
(1) designates rat in ce.ge on ground. -
(2) designates rat in cage suspended at an elevation of 18 in. 
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Results in Table No. 36 show 98.6% easualties based on 
sample data and 2~ based on animal data. It will be noted in the 
table, that no weight was given in the final average to a large number 
of animal casualties which were not severe enough individually to be 
classed as the equivalent of a man casualty requiring evacuation for 
hospitalization. 

!• On Impact Area (16,200 sq.yd.). 

The impact area as defined in paragraph 9,e,{7),{b) 
is shown on Chart 21 and the 20-yd. equar .. included within its area 
are tabulated in Table No. 37. On its area of 15,200 sq.yd., there 
were 14 bursts and effects fram two other burats: ~ide of the target, 
estimated as equivalent to one additional burst, making a total of 
15 bursts. Results shaw 99.~ estimated casualties based on sample 
data and 26.3% based on animal data. 

Table No. 37. 

rmpaot Area - (15,200 •q.yd.). 

Stake no.aimpaots:From HS i!~idaFrom HS vaporaFrom HS liquid:rrom effects 
at centerawithin aEstimated man : o.t. aEstima•a and vapor aon animals 
of 20•yd.:20.yd. a casualties avalue:ted manaEstlmated man·a Animal :Esttma-

square a square: :casual-a casualties a casual•ated man 

1~ 

15 
17 

19 
21 
35 
37 
39 
41 

43 
57 

t a ties 1 ties coasual-
: a ties 

: 

I 

I 

1 
0 
0 

1 
0 
0 
0 
0 
0 

0 
0 

I 

I 

l 

I 

% % l % l I% 
64 I • 80 I 100 I 100 I N I 0 
42 a .so 1 100 100 :Death ER: 100 

7 .30 a 100 100 aDeath R a 100 

55 
63 
64 
1S 
13 
13 

62 
58 

I e49 
I .30 
I e40 
I e30 I 

I e30 I 

I e30 I 

I 

I e30 
I .40 I 

100 
100 
100 
100 
100 
100 

100 
100 

100 
100 
100 
100 
100 
100 

100 
100 

I {2) I 

:Death ERa 
I N I 

:Death ERS 
I N 
:Mod. R a 
aDeath ERS 

{1) I 

Death ERS a 
I {2) 
t:Mod. ER 

N 

100 
0 

100 
0 
0 

100 

0 
0 
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- - ---~----------~~ --------------·---·-----------------

Table No. 37 (Cont'd.) 

Stake no. aimpaots aFrom HS liquid a11'roa BS vapor aFrom HS liquid a From elteots 
at oenterawithin aEsti:mated man ao.t~ aEstim&•: and v:eor aon animals 
of 20-yd. a20-yd. a oasua1ties aTalue ated man aEetima ed an a Aliimal :Eeti:ma• 
square a squarer aoasual•a casualties a casual•rted man 

a a s tiee ties IO&sual• 
a a a 1 ties 
a 

59 a 
61 
63 a 
65 a 
79 a 
81 a 

83 I 

85 I 

87 
101 
103 a 
106 a 

107 
109 a 
123 
126 
127 
129 a 
131 
145 
147 
1-&9 I 

151 
153 
175 
197 
219 a 

Total enda 
average 
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0 
0 
1 
0 
1 
1 

0 
1 
1 
0 
0 
0 

0 
0 
0 
0 
0 
0 
2 
1 
0 
0 

1 
0 
0 
0 
3 

a 
a 

a 
I 

I 

I 

a 
I 

I 

I 

I 

a 

" 31 
14 
60 
35 
89 
89 

75 
73 
69 
51 
38 
64 

69 
60 
36 
22 
31 
82 
73 
36 
20 
20 

73 
86 
80 
76 
95 

a 
a e38 : 
I e30 t 

1 .32 a 
a .30 a 
a .30 a 
a .30 a 
1 a 
a a 

.20 a 

.30 : 
: e30 I 

1 .20 a 
.28 a 

a .20 a 

a 
a .13 
I el3 I 

: .20 a 
I e20 
a .16 
a .15 
1 e30 a 
a .20 a 
1 .30 a 
1 .13 a 

I 

a .16 a 
a .20 1 

I el0 I 

: .10 a 
.20 a 

I 
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100 a 
100 
100 
100 a 
100 I 

100 a 
a 

100 a 
100 a 
100 
100 a 
100 a 
100 : 

a 
100 I 

100 I 

100 
100 
100 
100 
100 
100 I 

100 I 

100 a 
I 

100 I 

100 a 
- 9S I 

__ 93 I 

100 I 

99.81 
a 

% 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 

98 
98 

100 

a 
aMod. E 
a N 
allod. ER 
I N 1 

aDeath ERa 
aDeath ERS 
: (1) a 
aMod.S (2) 
I N 
t N 
1Mod. ER 1 
I lJ 
a N a 
aDeath ERS 
= (1) a 
aDeath (2) 

N I 

N 
N 
N 

aLight E 
I N I 

aMod. ERS a 
N 

aLight E a 
aMod.ERS 
I (1) 
diod. ER a 

N t 

a N 
I N 
d4od. ER 

% 
0 
0 
0 
0 

100 
100 

0 
0 
0 
0 
0 

100 

0 
0 
0 
0 
0 
0 

100 
0 
0 

100 

0 
0 
0 
0 
0 

21.! 



~~ Symbols used in column 7 to designate the nature of the 
animal casualties are explained in paragraph 6,c. 
(1) designate& rat in cage on ground. -
(2) designates rat in cage suspended at an elevation of 18 in. 

(g) Number of Shell Required to Produce 60% 
Masked ian Caeualtiea. 

From data given in paragraph 9,e,(T),(f),2 it was estimated 
that the burst of 16 shell on an area of 15,20~ sq.yd. would produce 
99.9% casualties, based on sample data and 26.~ '-sed on effects on 
animals when personnel who have only gas mask protection are exposed on 
the impact area during firing and the following 22 min. On this basis 
the following number of shell are required per 100 yd. square to produce 
50% eaaualtiea when man is protected by gas mask onlya 

Based on HS liquid md vapor samples • 4.9 
Based on effects on animals • 18.6 

Average - 11.7 

(8) Conclusions. From the results of the present test, 
the following oonclusiona are drawn with respect tothe use of 166-mm. howitzer 
shell filled with HS under the meteorological and terrain couditions of the 
test. 

(a) The number of shell required per 100 yd. square 
to produce 60% casualties when distributed as equal~ as praotieable, are 
as followsa 

1. When man protected by gas mask and standard 
impregnated clothing is exposed durin@: the firing period - about 31 shell 
(see parac:re.ph 9 •.!• ( 7 )J. c),_!). 

2. When man protected by gas mask only. is exposed 
on the target for a period-of 25 min. including tiring, about 12 shell 
(aee paragraph 9,~,(7),(g), above). 

9. General Discussion. 

a. Duds. Of the 207 shell used in the five tests discussed 
in thia report,'""tiiere were 38 duds or an average of 18.3%. 
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~· Reaults. From the reaulte of the teata, the following 
number of shell are requinc! per 100 yd. square to produce 50% casualties, 
depending on terrain and ae~ogioal conditiona. 

For man proteeted b7 gas mask onl7, fram 6 to 14 shell. 

For man protected b7 gas maak and standard impregnated 
clothing, from 20 to 72 shell. 

o. Future %eeta. It is believed that sufficient tests of 
HS-tilled !56~ Eowitser shell have been conducted to determine the 
number of ahell required tor effective results under different terrain 
Lad me~logioal conditiona. It is believed that a study ahould be 
made of the results ot the 9 teats conducted and that an E.A.T. report 
be prepared thereon. 

10. Recommendations. 

That an E.A.T. report be prepared oonring the 9 teats 
ot HS•filled 155-mm. howit&er shell whiCh have been oonduoted. 

Report of teat of BS•Filled 
155-mm. Howit&er Shell 
Testa "E" to •I• inoluaiTe 
Year 1933 

Typed nam 
December 12, 1933 
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Submitted by 

• • &Ac!NffRE, 
!'es't S eotion, 
~1tio:ns Development Division. 

Approval recoJ8111ended 

~r1ea E. Loucka, 
s t. tbUcd, 

Captain, c.w.s., 
Chief, Munitions Development Division. 

Approved 

fir{JibALrlea E. Loucks, m::ts E. Lducm, 
Captain, c.w.s., 
Acting Technical Director. 
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BATTiRY "C'1 SIXTH FIELD ARTILLERY CCB/fob 
Fort Hoyle, Uaryland. 

June 20, 1933. 

~11.0 : To Captain C.li:. Loucks. C.W.S. 

The following record of the llustard 3as Shoot performed by 
this battery on June 15, 1933 is submitted. 

rks . RO' 

Compass 3311 on l:o .1 
close 4. S~e11 :.:'.let ard: 

_ Jas, fuse lon; cllarge . . • • 
5 No.1. l round :306 . t . ... 1 . • I 
R 5 :303 ... ': ~ 
L 3 i 300 - DUD 3 I 

L ~ :aea ·+ ? 4 
.:290 + 5 

R 1 :294 + + 6 
R L ~!o .1 :-ecord B. D. : Adj .Elev: . :293 
;:o .~ Adj .l\o.~. 1 rd. : Xg1 ... 7 ·"' "" I 

R ~ :~5 + t- 8 
R 1 l\o .2 record B. D. : Adj .Elev: . . :294 I I 
No.3 §:dj.l\o.3. 1 rd. :293 . t- DUD 9 . 
R 2 :294 - : .,. . 10 . 
R 2 lio. 3 record s. :;. : Adj .Elev: 

•295 
DUD . : . 

recorci 3 • .0. c. r.: :Acij.E1en . . . •294 

'II! 
. I I !~ W!~=· 'I !rr!e! ~•00 i:dh il 

Btry adj B. D. Right . . 
28 on No.4 open,5, 
Shell .. , fuse long ~.~. 

ch.5 Right Platoon 293 
1 round 294 c; - c c 14 
Battery 5 ro.mds ~95 

294 r 

295 1st. Rd. 
.::.9.;. -: ... 

1 DUD ;];3 :- v .... ·o :~nsis R~ a~ ' . 
i:U W. mum il§T 1 a ~l§ :t - t t; c i 3r$1. Rd 1 26 

:t - l +: 0 :4th. Rd.: 30 . :- - C: c :5th. 1\d.: 34 • 1.1 

Btrx. l Rd. S~ee Elev.: :- - ... C: c • • ~§ . I 

~:~ . 

+ OVE.' 
SSORr 

al'e n:ade o(n p-~·:(~l.. Oenter ~f l>=ea. 

-' A C~-~ ( I , __ /f'~<.._ l-, 

C COJUUX;l' Chas. C • Brown, 
Captain 6th Fie1d_Art1llery. 
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BATTERY 11 011 8IX!H F~ELI> ARULLERY 
rort Hoyle. !4aryland. CCB/!ob 

May aa. ·1933. - : 

·!o Captain C.l. Loucks. C.'!f.S. 

!he follOWing report is aubmi tted aa a record of the lriusta.rd 
·Shoot . .perfo~d for the c.w.s. SChool by Battery 11 C" 6th 
lcl Artillery on Kay 18. 1933. -

. . . 1\IGI fltN.'l'lOI 
W •tMJ cl@ar Wind from s. w. I~iial data .corrected for drift 

y. -~·t~tion p011l' 140 Jd.a &ast of East aide of i-mpact area - ,_ ' --;;.· - ' . . . . . ' 

Round 
/u 

5:30 P.M. 

+-
+++-
+++ 

I I· :CUD 

No.1. 
Ho.2.302 
lio.3, 300 
No.4 302 ~R CR 
Uo.l,303 
No.a,303 CR CR 
No.3,302. CR + 
Ho.4 303 

CR CR 
CR 

R 

CR 
+ 

R 

CR 

CR 

a. 
3 
4 
5 
6 
.7 

9 

• 

14 
15 
16 

19 
a 
6 

28 

01:E 
:::r~ 32 

33 

-.--.-.....__ r .. -...:.-
:;.t.?iCTi -~~ 
s:~::..I! 3~ 



';' 

i . ' .. 
I . 

I. 

I 
I. 
r· 

. 

i.·~ 
i: 

~.--"~·'::~.,.-·k·-_o,.-_=.:~·~·;-':--~-·'7:.,"".~ ... -'"'~_____,-_~:-·:--.. ...,----. _. ·-
.• •. • • ·.·• ·,,.> ... ~ 

· ;..f;,·--J "0·•·. 'at&!t~ ·:·» ARTI~L~~-·- · 
·, ·. -'-.--t:~rt Boy~e. KuJ).an4, · . '--_.) 

___ ...__._. ~--·~·--·---~--------~-~ 

· OC~ob 

July 12, 1933. 

I. . . The following record of the llustard Gas Shoot performed 
I by tl:a1e battery on JUly 6, 1933. · . 

o_.•. 3 1 on : · : : · : · 
· 10.1 Oloae 4,Shell: . : : 
. lluat&II~:OP .. ruse : : 
. loac.~ge ·s, No.: : :' 

. . :a<>O - : 
• • 
• ! . 

·302 

. . 
• 
• ! 

! 
! 

+ 

? 
? ·taoo • ! 

·395 
: t 

fifra5 • ;agt • 
• .. 

Left iJ 297 • I 

297 • 
Left 1 1.§ 

' .. • 
• ! 

• ! 

Right 3. Ro.a Rec-: : 
ord. B. D. No.3 A4j, : : 
lo.3. l rd. :294.5; 

Ho-.3.Record B. D. : : 
Jo.4 Adj. No.4, 

rd. 

g • o. 
ord B.D.Cease 

-. '. 
t ; 
t 
t 

. + 

• • 
• ... 
• • 
• • 
• • 

? 

: ? 
• • 
• • 
• • - . • 0 

t 

• • 

' • . 
• • 
• • 
• • 

+ 

c 

+ 
+ 

• • 
! 
! 

• 
• • .. • 
• • 
• • 
• . 
• I 

• ; 
• • 
• • 
• . 
•Low 

• 
• • 
! • 
• • 
• • • • 
J • 

! • 

1pg.. ; liB£ lOR EFFECT 6•05 p I 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

14 
15 

16 
1 

• • 
! • 
• • 
• • 
• I 

• • 
• • 

• • 

Battery Adj .Base : • • • 
Def.Left 50 on No.: 
1 open 5 Shell llus: 
t ard Gas :fuse long: 

• • • 
• • • • • • 
ebservation.of effect not ~ossible. 
:23 rounds fired fol' effect. · 

• • • • charge 5 · Battery : : : 
~6-r~o~un~~=·--------~;-3~0~8~,3~·~--~=----------= --------~40~~-----
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BAT'l'EkY "V" SIXTH FI1LD ARTILLERY, CCB-FOB 
Fort Hoyle, Maryland, 

August 14, 1933. 

Memo • To C aptain C. E. Loucks, c.w.s. . 
ThE following record of the Mustard Gas shoot performed by 

this batteJ y on August 11, 1933. 

REGISTRATION 
We~ ~ther overcast, no wind. Initial. corrected for drift only. 

First Round fired 4:46P.M. 

·--
DA~ A : Ei.EV :RANGE:DEFLECTIOU:REMARKS: ROUlJD: 

Compass 32J 1.0n No.1 : • • • • • • • • • • 
close 4 Sht 11 M.G.fuse: • . . • • • • • • • • 
longOha,rge 5. No.1, 1 rd: • • ' • . • • • • • • 
Q.wl.d. :300 • t • + • • 1 • • • • • . 

:300 
--

~ Rig_ht 5 • - • - • • • • . • . • 
Left 3 - :_~00 • + • + • • 3 . • • • . . 
Rip:ht 1 :300 • + • CR • • 4 • • • • • • 
3 roundS :297 :+ - -: + + + • :5 6~7 • . • 
Right 1. Nc .1 record • • • \ • • I • • . • . 
base defle< tion • • • • • • • • • • • . 
No.2 Adjus • No. a._l rd.:298.5: + • - • • 8 • • • • • 
Left ·5 : 298 .s: - _t + • • 9 • • • • -Right 3. Nc .2 Record • • • • • • • • • • • • 

• Base Denec tion • • I • • I • • • • 
No.3 Adjus1 No.3.l.rd:298.S: & • - • • 10 • • • • • • 
Left 5 :398.5: + • + • .. 11 • • . • • 
Right a. Nc • 3 Record • • • . • • • • • . 
Base Deflec tion 1 I I I • No.4 adjus1 No.4.1 rd:i398.5: + - • • 12 • . • . • 
Left 5 :298.5: - - • • 13 • • • • 
Left a :298.5: - + -. • 14 • . • • 
Right 1. Nc ~.4 Record • • • • • • • • • • 
Base Deflec tion • • • I . • • . . 

!CIRE FOR El'~FENT I'.J.1tD.l' -~QU.ND 5:47 P.Y. 
Battery Ad ust. Base. • • • I I I • • • 
Def. Left • ~0. On No.1 • • • • • • .. • • • • • 
open 5. 'Sh ~11_ M.G. :312.2: • FI~ FOR EfFECT • 15 • • • • 
fuse 1ong .. c barge 5. • • .. NOT OBSERVED_. • to • • • • • . 
Battery 7 ~ounds I I I • • 40 • • • • 

-

cL/ 1 

~c-
- - . - Ohas. C •. Brown, 

n ......... 4 .... C.+n- 'll'4a, .. A.,.+4,,.,.,. .. 
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W.'l"l'El<Y "A" 0>lA.'lH ~ I~l.L AF. TILLEhY 
i'ort !ioyle, taaryland. 

- '·· 

-.. 

Sep~ber 25, 1933. 

SUBJJOOT: ~8port on 166 r,lJil Shoot, September 19, 1933. 

To : Lieut. Colonel J.lf. Lyon, Edr:ewo"ld A.rsenal, ~rvlf'lnd • 

.dar .-1t.h ia r epart. af 156 LJil iloYi tz er, Mus tf-. rd Ge s Sho(' t, 
fired by this Battery at 4:00 P.~. September 19, 1933. 

Cl86r to pertly cloudy. 
·winu, moderate westerly. 

Tamperature 66 de~rees - 70 der,rees. 
Time of adjustment: 4:00 P.t.~. 
Time o£ fire for effect: 4:50 P.M. 
Number of rounds for adjustment - 22. 
tlULlber of' rounds f'or effect - 28. 

ADJ u::i T .1.1EN T 
C~l'U~ 6ti:v. =i ru RD=RA..~GE 

Ccxupass, 3211 
Cn 'tl close 4 
~nell ~.G: Ch.6.FL . . . • 
f'l, lRd ~~d. . 300 1 . plus . . 

296 2 :minus 
Left 6 298 3 ' . . • . 

298 . 4 :minus . 
Idght 3 300 :. 6 :minus 
Wt2 . 302 6 :minus . . 303 7 : plus • 
Lett l 3 Rda. 302.6 . 8 :)linus . 

DEFL. :pl!}.~K 

: 

' dud 
l!dnus 

' dud • . 
plus 
minus 

' . minus . . . 
~inus 

/ 

: 

: 

• . 
9 :Jilinue plus :Def .Corr~et ... 

10 • plus • m1"lUS • : • . . 
f 1 reoord Base Deflection. 
t 2 kdjust. 
f2, l Rd . 302.6 11 plus p1llS • 
Right 6 • 300 12 :minus ' :Pir.,ehet . 

301 13 · sminus ' • . 
;,()2 14 :minus . ' . 
302.6 16 : plus minW! . . 

Lett. 2, * 2 record Base Deflection. 
~~ adjust. . . 

. 13, l Rd . 302.6 16 :minus plus . 
liight 2 . 302.6 17 : plus plus • 
R,.gilt. 2 . 302 . 18 :correctcorrect: . . • . 
f5 c.Feoorci Base Leflection. 

·- l -

i i r 

I 

........, 
=---

4-:-. 
-l 

·-!' 

--------c.-
--.1 

~ 



I I I : 
I 102.8 I 18 I · plua plua • • . . 
I 302 : 20 1 plue .: Plua ~ 

: !()() I 21 • inWI I plus . • . • 
I 301 I 22 : ll!nua : m1nWI . ~ . 

11 .. Deflection • 

• .;; • . 1.101 (1.) 

D ICT 
t..lal r 111• - 6430 ( target ap r np,;e) x 1.1~1 (K) - 5978 yds . 
ttal ele t ion - ~uadrant 316. 4. 

J1t. t.t.."T aclj uat 
.. cletlect l on, Lett 40 

On fl op• 6 · 
ell, uate.rQ Gas, Charge 5, Fuze Lo~ 

Iat.tery 7 round. • ( 28 roWlda) 
~u.drant 316., 

~o· .c. ~~f'IL:: r N'K, 
1st Lieut., 6t"b F . A., 

Con~ ndinp: . 

I 
I 1---------------------------------------------------------------------------L---
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PAi'tililN SCAU (155-Dl. Shell , BS) 
LlGBr 



• 
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~.AI w SCAU ( 1ee--. ae11, as) 
'1'JW:I 

.~ 

• 
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2. A teat be ooncm ot.ci uaing HS•tilled 156--.n. 
howitzer ahel1 meeting preaent standard apeoitieatione tor the 
purpeae ot oompari.Jlg the oaaua1t7•produoing etteota with tho•• 
obtained in the teat• covered D.y thi• report. 
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